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SECTION 1

INTRODUCTION

Hydrodynamics has in recent years given impressive results in

the solution of flow field problems by making simplified assumptions of

steady flow relative to a moving body. This aspect has appeared in many

physics codes attempting to solve the problem of the rising fireball.

However, because of computing considerations, flow fields have generally

been ignored in large system codes such as RAN C and others. This has

meant errors in energy deposition and a resulting ghost fireball problem.

A solution to these problems for system codes is presented here.

By modeling the hydrodynamic flow using the simplified assumption of stead>’

flow , the detailed particle motion can be specified in the flow field.

This model is a result of advances that have been made in the

understanding of fluid particle movement by studying the deformation of

“drift” of material surfaces. Sir Charles Darwin (1953) has drawn impor-

tant conclusions about the movements of individual particles in irrotational

flow of fluid around hard objects. Darwin considered an infinitely thin

plane of fluid at right angles to the motion of the sphere and asked what

the final displacement of the plane was after the passage of the sphere.

This final displacement is the total drift function .

Darwin’s method has been used to calculate the position-time

history of the particles of fluid as they move around a rising fireball.

3 ~~~~~~~~~
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To solve the rising fireball problem , it is assumed that the

fluid is incompressible and the flow is irrotational , that the fireball at

any instant is a perfect sphere with no entrainment . This reduces the

problem of finding the velocities anywhere in the field outside thc fire-

ball to one of taking the gradient of a velocity-potential for an incom-

pressible fluid , the motion is steady ; thus the fluid does not cross

steamlines.

The velocity-potential ~ can be found from Laplace ’s equation

with the boundary condition of no radial velocities at the surface of the

sphere and zero velocity at infinity for a fluid moving around the sphere.

The velocities and positions are found for a coordinate system fixed with

the sphere. A Galilean transformation then gives the position itt a frame

fixed with the fluid.
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SECTION 2

MATHEMATICAL METHOD

FLOW FIELD CALCULATION

Consider an infinite thin plane of fluid at right angles to the

motion of the fireball vortex. It can be asked, what is the final shape of
the marked fluid plane after the fireball has passed through it. It is to

be expected that the part of the plane nearest the spheroida l fireball is

moved the greatest distance. The fluid contained between the initial plane

position and its final position equals the “hydrodynamic mi~ss” or “virtual”
mass associated with the body’s motion.

To solve the problem of what happens to the displaced fluid

particles requires that the streamlines be determined and also the time

at which each fluid particle reaches a given point measured from some fixed

reference time for the particles—in this case when it passes the plane at

right angles to the center of the spheroid had it been an undisturbed region .

In a coordinate system fixed with the fireball , with z parallel

to the direction of the flow and the reference point defined as z=O , then

we require solution of the equations

dt=~~~~ =~~~~ =~~
Z (1)

V V Vx y z

5
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with

t-z/u ~ 0 as z

where v is the z velocity and an undisturbed stream flow has the value

v u , v = v =0 .z x y

The velocities v , v , and v are found fromx y z

-
~~~~~ -a~~ -a~~v = — , v = — v =x ax y ay ~

where ~ is the velocity-potential solution of Laplace ’s equation .

This definition implies that far upstream material planes at right

angles to the stream are planes of t=constant. This is the classical

“drift function” dis cussed by Darwin (1953) .

Consider flow past a spherical fireball vortex in which the ve l oc i ty
field far upstream from the obstacle is defined as

v = V(x ,y) Vy = v~ 
= 0. (2)

The stream lines of the flow can be represented by equations of
the form

x = x(x o , y o ,  z) y = y ( x o , y o ,  z) (3)

where
xo = u r n  Cx) , yo = u r n  (y) . (4)

z -•. —~~ z+ —~~
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These are solutions of Equation 1. The solution for the variable t is

t = t(xo , Yo, z) s 

~~

- +J ~~~~~~ l .L~ dz (5)

where v~ is the component of the velocity on the stream l ine given by
Equation 3, and u is the undisturbed fluid velocity.

Given a point in the flow field outside of a sphere , the dri ft
function can now be determined.

The drift function t at a burst  time 1’ can be found by sub-
tracting tI~e actual time difference ~T between the calculation time I and
the burst time T. Once the new drift function t is knot~n , a new position
can be found from it.

Using polar spherical co’rdinates r, ~
- , fixed at the center of

the sphere , the Stokes stream function , LAMB (1932), is given for unit
upward velocity as

= r2sin2O (1 - a3/r3) (Sa)

where a is the radius of the sphere , ~ is equal to zero. It should be
noted that Pa -+ x as x -‘

~

The solution for the drift function t can be obtained from either
of the coupled ordinary differential equations

dr _ drdt — -

~~

-— — -—-

~

- 

a 3
~r U(l - TJcosQ

~
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~ .
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and

rdO 
- 

rd8dt = — —— , 3 ’  (7)
V0 u f i . ~-~~~sin0

‘~ r f

and on any given streamline

t + r / u -A O as 0 - P iT . (8)

Although Equations (6) and (7) are hy per -e l l i p t i c , useful expression s
can be obtained for large and small values of pa/a.

For large Po/a, Stokes stream function can be expanded in powers

of a3/r3 as

r = + 
~~

- -
~~~~
. sin 3o - 

~~~ 

sjn60 + ...) . (9)

Using this expansion , Equation (7) can be expanded to give

udt = - 
~~~~~~~~~~ + -~~~ !~~- sin60 - a—. sin90 + .~~J! fl.— sin 12 O + ... \ (10)

\ 8 128 /

Integrating, yields

ut = Po CotO + . - !. ..J’sin 7do + ~~~ 
!.__ J sin ’°@dO - ... (11)

The limits for the integral satisfy Equation (8). This series evaluation

converges for all 0 with the value po/a>l .375 .

8
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The total drift function :(Pu) from Darwin (1953) is given as;

z(Po) =li rn (ut-z) = .

~~

. . (
~

) - 
~T + 

~~~~~ ~ t t 
~~~~~~~~ 

(12)

It should be noted that for any streamline

t(0) = 2t ( ff/2) - t(1T - 0)

and

:(po) = u r n  (ut -z)  = 2(ut )  — u r n  (u t-z)
0 -~0 (6 71/2 0 - - T r

= 2(ut)0 ir/2 (13)

For small values of ps/a each streamline is divided into two
parts. Part one for 8 near 0 or iT , and second one on which (r/a - 1)
is small.

When 8 is near it, then -secO 1 + .
~~

. sin 28 in Equation (6) and
using Equation (5) gives the val ue of

ut= - r +  I 
P~~r2 /a 3 

- i a ( l +  I6 (r/a) 3 - l  ~ a

J(r/a) 2 + r / a + l  
- 

* (~~ -~~~~~~~
) 

tan ’ [(l~~~~r/a)]~

(14)

For the case when 0 departs from it (or 0) ,  (r/a - 1) is small
and the following approximation can be used.

l+~.! ~ 

-
~~~ a + cosec20 . (15)

2r 3
9
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This then gives the result

ut = Z ( p o )  + - ~~ a (1 + ._2 ) ~n tan (-~ 0) - cotO cosecO . (16)

The value of the total drift function is then found from Equation (16) and

(14) to be for small Cr/a - 1) to be

z(po) = a ( 1+ .EI) t~~
33’

~~~
(2a)  

( 2 +  ~~~~~~

-l\ ~
.0- (17)..ff / 9a

Equations (12), (13), (14), (16), and (17) can be used to calculate

the drift function t for any given value of Po , r and 0. For 0 > 5/67t

Equation (14) is used. For 1/2 ii <0< 5/6 it and r/a<l .S , Equation (16)

is a good approximation. When r/a>l.75 Equation (11) is valid. The gap

between 1.5 < r / a < l . 7 5  can be filled by interpolating Equations (16) and
(11) .

Lines of t =const an t drift function value s are plotted in Figure 1.
The horizontal lines were initially at right angles to the motion of the

sphere. They are distor ted around t h e sphere as it moves through the fluid.

The plot was made in a coordinate system fixed with the rising sphere.

The lines of constant drift function show in detail where every

particle is and when it is there. For example , if in polar spherical co-
ordinates, a point is given as r=l.6 and 0=  - rr/4 , the corresponding

drift function can be found, which is say + 2 . 0 , scaled to a unit fireball
with unit rising velocity. It is requested to know where the point was
3.5 seconds before. This would put it on a drift function plane of -1.5

seconds, with the same stream function .

10
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2.00 i i i~ 
‘
~0.5 .~ 5 1 .0 1.5 2.0

1.50

-1 .0
1.00 —

-0.5
0.50

0.00 — 

—
. 

t=0.0 
—

-0.50 0.5

-1.00 1.0 —

-1.50 . 1.5

:4 -2.00 — 2.0 —

-2.50 1 ______________

.bO 2. 0 2.50 3.00
X-AXIS

Figure 1. Plot of drift func ti ons t and stream functions ip for a
unit sphere in a unit flow field. Coordinates of the inter-
section of t and ip are stored in the table XX in
Subroutine CIPHER , where ~ = l~ 2 P o .
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The corresponding new position at a time of -1.5 seconds can be
found by inverting Equations (11) to (17) , or more conveniently,  a table
of solutions of Equations (6) and (7) can be made for different stream
functions and drift functions. Since both the stream function and drift
function values are known , the solution can be found by interpolat ing from
the table. Only one of the solution-variables r or 8 need be stored
since the other can be calculated from the constan t Stokes stream function
Equation (5a).

To generate the table that inverts Equations (11) to (17), the
coupled Equations (6) and (7) are solved numerically in the form:

= + (i - -si-) cos0 (l8a)

= - (1 + _

~~

_

~
-) 

sinG (lBb)

where the rise velocity and radius a are both taken as unity.

Numerical integration of Equations (l8a) and (18b) gives the
position of the particle in the flow field for discrete times. The numerical
method used was that of Gear (1971). The Gear algorithm is useful for solving
stiff equations. It uses an Adams Predictor-Corrector method with the initial
values generated by a Runge — Kutta method .

The polar spherical radial coordinat e r was saved in a data table
for each discrete time t and stream function i~ , where

= r2sin2O (i - 
~~~~~ ) 

. (19)

12
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Thus for a given lU and t, r can be found by a table look-up.

Then 0 can be found from the inv ersion of Equation (19) using r and lU’

o _ . - h f l  2i~ 20sin 
,
~
] 2  (~ 

J_) ( ‘

Thus, the position is specified. The table look-up and interpolation is

done in sub routine CIPHER and the outputs converted to fireball  centered
Cartesian coordinates.

On ce the positions (Z
q
~ X

q
) in firebal l coordinates is known , a

simple Galilean transformation gives the position (Z f. Xf. Yf) in a coordin-
ate system fixed at the position of the initial burst,

Z
f 

= Sri - VR + Z q (21)

where Sr1 is the slant range between the initial burst position and the
present fireball position , VR is the fireball rise velocity , and Z

q 
is the

z coordinate fixed at the initial burst position . Coordinates Yf and

Xf remain constant under the Galilean transformation in the z direction .

The point defined by Xf~ Yf. and Z f , in the initial burst position

coordin ates , is then rotated to the earth centered Cartesian coordinates.
The vector position in this new frame is then added to the vector position

of the initial burst giving the new vector position of the point in earth

centered Cartesian coordinates,

The trajectory of the particles in a frame fixed with the sta;ionary

• flt.id are plotted in Figure 2 for some typical values of Po(= .5, 1.0, 1.5 ,

1.8). From the figure, it can be seen that as the fireball passes the point ,
it is at its maximum lateral displacement. It should also be noted that as
the fireball passes the point , the point takes on a retrograde motion .

13

_ _ _  _ _  _ _ _  _ _  -~~



: T ~~~~~~~~

— ~_ . .., ‘I—

I-
C.-,
Lii

~— . V

-J

/
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SIDEWAYS DISPLACEMENT (radii)

Figure 2. Plo t of flu id particle di splacemen ts as seen in a coordi nate
system fixed with the fluid. The dotted line represents the
total drift displacement after the passage of the unit
sphere.
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SHOCK DISPLACEMENT CALCULATIONS

The shock displacement is calculated after the point has been

moved back in time to a burst time . It is assumed that the shock arrives

instantaneously at the point of interest. This is a zeroth order approxi-

mation and will be changed to include the shock arrival time and shock

duration. For calculation times long enough after burst time for shock

traversal of the point, this assumption causes only a small error because

of two facts: 1) if the fireball is very far away from the point , the

shock displacement time is greatly in error, but the actual displacement

is very small, 2) if the burst is close to the point, the timing error

is small and the shock displacement is large.

The distance from the initial burst position to the point is

scaled to dimensionless coordinates using a modified Sach’s scaling

p 1/3 S1/3H5
= .345 (w~. 

..-) e

where WKT is the yield in kilotons, P is the pressure at the point of
interest , P0 is the sea level pressure, S1 is the height of the point
above (+) or below (-) the fireball , H5 is the scale height. This

expression reduces down to

S1/3H
a = 13.6 RH e

where R. is the initial fireball radius at the end of the radiation
110

phase.

Based on a fit to a RADFLO run (SKT at 9.15 km), a shock displace-
ment &~. in scaled distance is given by

= 0.096 (A ’ (2+A ))’

where A’ = A + AX is the final position in scaled units.

- 
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SECTION I I I

CODING CONSIDERATION FOR FLOW FIELD CALCULAT IONS

CONTROL OF CALCULATIONS BY SUBPROGRAM HYDRO

The above mathematical method of calculating particle movements

in the flow field around a rising fireball has been coded into eight sub-

programs for use in ROSCOE. The controlling routine is HYDRO , which is

called with a given time and position .

Previous to a call to HYDRO, a call has been made to the burst

environment module (PMDS) which sets up the vortex radii at the initial

times and at the calling time. Also saved are alJ the fireball vortex

positions at that time of call.

Given the position of a poin t , the time and per t inen t  f i rebal l

positions , HYDRO make s a call to subprogram ED L TX to determine which burs ts

a f f e c t  the given point .

EDITX begins the ioop over all existing fireballs including those

created by a hydromerge . If the burst was created by a hydromerge , it c rea tes

the initial vortex information for the merged fireball. It then calculates

the distance of closest approach to the line connecting the initial fireball

center and present center. If this radius scaled distance is greater than

1.8 , it rejects this fireball for consideration. If the tine it takes for

the fireball to get to the point is very large , the event is rejected . If

the point is more than a rad ius on front of the fireball, the burst is re-

jected. For all bursts accepted as influencing the given point , a count is

kept (=NAI) and the fireball index is stored in the NCAG array .

16
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HYDRO then begins to loop over all the bursts including bursts

created during a hydromerge. It starts with the most recent burst time

first and does the calculation back to this time . It then does the shock

disp lacement calculat ion. It saves this new calculated position and puts

it into the output array if the time was a burst time and not merely a.

merge time . The saved new position is now used to regress the calculation

back to the second to the last occurring burst. This new position is saved

and used to continue the calculation back to where the parcel was for the

fi rst burst before the arrival of any shock waves.

For each regression back to a burst time, an inner loop is made
over all the f ireballs  that wi l l  influence the point during this time
increment. After the time regression goes back beyond the burst time of

an event affecting the point, this event is removed from the NCAG array,

and the calculation continues with the remaining influencing fireballs.

When multiple events influence the poin t, the individual dis-
placements from each burst are saved . After the inner loop over all

influencing even ts is comp leted , a vector sum is made of all the individual

disp lacemen ts.

A check is made of the influencing fireball type flag KINDF to

determine if the f i rebal l  is active at this time . If it is not active ,
i.e., has been radiation or hydromerged , then it is not used to calculate

the change in position of the point PXYZ. After the calculation regresses

back to the time of the merge for this fireball , the burst is used to

determine the position .

17



CRITERIA FOR EDITING FIREBALLS

Before a flow field calculation is performed, a call is made to

an editi ng routine. This routine loops over all the existing fireballs ,
active and inactive , and determines which fireballs will  affect the given
point. All fireballs that will ever have an affect on the point are stored

in array NCAG .

If the distance of closest approach to the line of centers between
the initial burst and present fireball  position (scaled to the fireball)
radius at the calculation time) is greater than 1.8, the fireball is rejected

as not affecting the point.

If the point of interest is more than 1.5 radii above the fireball

position at calculation time or 1.5 radii below the initial burst position,

the burst is rejected.

SINGLE BURST CASE

For the single burst case, when EDITX returns NAI equal to 1 and

NCAG (l) equal to 1, subprogram HYDRO begins the calculation of the effect
of burst 1 on PXYZ . The burst will  always be active since there is only
one burst. Also the calculation can proceed back to the initial burst time

in one pass through the routine.

Hydro calculates the distance of closest approach , DIST. It cal-
culates the slant range 5rl along the line of centers between the initial

burst position and the position at calling time , the slant range, Sl, from

burst point to point of closest approach; slant range, Rad~ 
from present

burst position to point ~~~~ If the point is more than a fireball radius

below the initial burst point , the effect of burst N on the point is

considered negligible.
18
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The radius of the f i reball  where most of the inf luence  is occurring

on point 
~xyz is found by interpolating l inearly between the in it ia l  and

final radii:

R = (R . S + R S )/Sin rd v 1 rl

where Srd is the slant range from the present position of the fireball to

the po int of closest approach , Rin is the ini tial vortex radi us , R is

the presen t vor tex radius .

MULTIPLE BURST CASE

The mathematical method for the case where two or more f i rebal ls

are affecting a point is handled similarly to the single burst case. The

displacemen t calcula tion is done separately for each fireball. The final

displacement is the vector sum displacement over all fireballs.

No attempt is made to accoun t for the change in a f ireball flow
field due to another fireball flow field. It is expected that the effect

is small except in cases where the fireballs are closer than .5 fireball

radii.
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SECTION IV

DESCRIPTION OF SUBPROGRAMS

Subroutine 1-IYDRO is the main ROSCOE subprogram for calculating
the particle time history in the flow field around a rising fireball.

Fireballs are edited as to their effect on the g iven poin t by
EDI TX.

Subprogra m SYZYGY calcula tes the drif t fun ction t ( TOUT) for
the initial given point .

Subprogram CIPHER calculates the position of the particle at a
given drift function and stream function .

Subprogram SCHCK calculates the shock displacen~ent of a given
point by a given burst.

20



Description of Code HYDRO

Purpose

Subroutine HYDRO calculates the position of a given point at a
given time at all burst times previous to the given time . This requires
that the code run backwards in t ime .

Inputs to Subroutine HYDRO

Formal Argument

PXYZ(I) = 3 word array of coordinates x, y, z in cm.
Earth centered Cartesian with x through Greenwich

Inputs from Labeled Common

Blo ck Variable Description

/RADDAT/ XIN ( 3 , I) Initial  vector position of event 1 (cm)
XEV(3 , I) Vector position of event I at t ime = TSIM (cm)
RE IN( I )  Ini t ial  vortex radius = 4* RHZERO
REV(I) Vortex radius of event I at time = TSIM (cm)

VRZ(I) Event rise velocity magnitude (cm/sec)

/EVXDAT/ NUMX Number of real events
TSIM Time of calculation (sec)

/EVENTX/ NF Total number of events at time = TS1M

includes hydromerges

TB(I) Burst time of event I
/GEOTD/ KINDF(I) Flag to indicate type of event

= 1 spheroidal
= 2 spheroidal , pressure equilibrium -

11 
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= 3 torus
= 4 merged during radiation phase
= 5 merged during hydrodynamic phase 1

MRGID (I) Flag to indicate index of merged events

TCHAR ( I) Characteristic t ime for merged events
/SAVEVX/ BUFFR(1 5 , I )  In i t i a l  event radius for the Ith  event to

which a l l  parameters arc scaled ( = RH:ERO( I ) )
in common block / EVE N TX/

Output from Subroutine HYDRO
Forma l Ar gumen ts
XARAY (3,N) Vector position array for point PXYZ at all previous events

(N=l,NVMX) (cm)
MODE Flag to indicate s ignif icant  f luid movement

= 1 fluid has moved

= 0 fluid has not moved significantly

Ex ternal Subprograms Use d i n HYDRO
Name Information requested/description

EDITX Loops over all bursts and selects those that will affect

po int PXYZ
SYZYGY Gi ves the time since the point passed the center of the

burst (+) or the time it wi l l  take to pass the center of
of the bu rst ( - ) ,  scaled to radius of fireball

CIPHER Calculates the position of the point for a given time in a

coordinate system attached to the burst center and in the
x-z plane. It does the calculation for a unit vortex

radius and unit velocity.
EVENAD Performs the vecto r addition of point displacement resul t ing

from the multiple burst interactions.

22
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SCHCK Calculates the shock disp lacemen t from each burst on the

point at the burst time .

ROOTT Calculates the time at which a given stream function crosses

the zero axis.

DISCAP Calculates the distance of closest approach of the point
to the line connecting centers. Calculates the needed

slant ranges.

External Utility Subprograms Required
Name

Vec tor pac kage
LOCLAX Generates transformation matrix

XMIT Copies vector A to B
XMAG Gives magnitude of vector

SUBVEC Subtracts two vectors

VECLIN Adds two vectors

MATMULT Does matrix multiple

DOT Does Dot product

UN ITY Finds unit vector
CROSS Finds cross product Ax B
CROS1 Find cross product and normalizes to 1
PROJ Finds proj ection of A on B
LOC1 Find SCM address

FDIV Prevents division error abort
V~CSIJM Vector sum
EFCGEO Transform s from xyz to geographic coordinant
GEOEFC Inv erse of EFCGEO

23
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GLOSSARY OF VARIABLES

Roscoe Routine HYDRO

NAME Description

PXYZ(3) Input vector position
XARAY (3,I) Output vector position at each burst time of Index I
MODE Flag to indicate sign ificant flow field movement
TIM Calculation time local variable
TSIM Global calculation time
XSAV(3) Local Var., vector position array

Ml Flag to indicate data is saved for fireball vortex

L Running index for burst index contained in NCAG

NAI Return from EDITX, Number of burst affecting PXYZ

MiA(I) Array of flags indicating data saved for burst I

NRUN Dummy running variable for DO 1000
NX Number of bursts up to time TIM
K Index of burst starting with last burst f i rs t
XOU(3) Local variable , array of vector position
KFF Flag whether index K is for real burst or merged burst

TOBIO Local variable set to the burst time or merge time

TB(K) Burst time from/GEOTD/

DTEL Time difference between present time and burst time

NCAG(lO) Array of burst indexes affecting PXYZ

NN Running index of burst affecting point PXYZ

K INDF( lO) Array of flags describing f i rebal l  type/GEOTD/
TCHAR( 10) Characteristic burst or merge time for each fireball
PSI Stream function

VNORM Speed of fireball in effective vortex radii/sec

L 
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TZ Relative time since passage of point past fireball (normalized

by R )

SR1 Slant range of initial position to present position

Sl Slant range from initial position to PXYZ on line connecting

centers

DIST Distance of closest approach of PXYZ to line of centers

R Radius of vortex near PXYZ used to scale distances

X IN( 3,I) Initial position of fireball vortex

XEV(3 , I) Final position of fireball vortex
RAD Slant range from fireball position to PXYZ

REV( I ) Radius of vortex at calculation time
SRD Slant range from fireball to point of closest approach
RH Normalized distance of closest approach
RR Radius normalized RAD
PSI Stream function in unit velocity field
VRZ(I) Speed of fireball unnormalized (cm/sec)

TRELX Time difference scaled to fireball with unit rise

XF X position in fireball centered coordinates of poi nt PXYZ
YF Y position in fireball centered coordinates of point PXYZ

ZF Z position in fireball centered coordinates of point PXYZ

XQ X positions of point at new time TIM

ZQ Z positions of point at new time TIM

D(3) Vector position of point PXYZ in initial fireball coordinates

multiply used

CVEC(3 ,N) Array of vectors from initial firebal l N to final fireball N.
UVEC Transformation matrix from XYZ to user frame
NRA Row size of matrix

NCARB Column size of matrix
NCB Vector column size
POF(3) Vector position in burst centered coordinates at time = TOBIO

NUMX Number of actual bursts

25
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SPOU(3 ,N) Local array to store positions

TMBtJ(l 0) Burst times in descending order
NCOT Total number of print times

ALPHA Shock scaling parameter
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Description of Code EDITX

Purpose
This subroutine loops over all existing fireballs at calling time

and determines which fireball will affect the given point.

Inputs

PXY Z(3) Vector position of point

Input s from Common
X IN(3 ,L) Init ial  position of fireball L
XEV (3,L) Final position of fireball L

TB(L) Burst time for event L

Outputs to Common

NAI Number of bursts interacting with poin t
NCAG( I ) Array of burst indexes interacting 1=1 , NAI

Externals used

DISCAP Calculates distance of closest approach

Method

EDITX is a simple routine which is called every time HYDRO is

called.

It loops over all fireballs and calculates the distance of

closest approach of the line connecting centers with the given point. The

calculation is done in DISCAP .
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Cri te r i a

A point is rejected if it is greater than 1.8 f inal  f i rebal l  radii
from the line connecting centers .

It is rej ected if it is 1.5 fireball radii above the final posi-
tion or 1.5 radii below the initial position. The radius at call time is used.

Glossary of Variables
Name
PXY Z (3) Input -vector position
NAI Output-number of burst affecting point

NCAG(L) Output - array of burst indexes

L Running variable over all bursts

NX Total number of bursts
SR12 Slant range from final fireball position to initial

• CVEC(3,L) Vector from initial fireball position to final position

XIN( 3,L) Initial position vector

XEV(3 ,L) Final position vector
DIST Distance of closest approach to line of centers

Sl Distance from initial posi tion to point of closest approach
TDIS Time for fireball to travel from point of closest approach to

intiial position
REV(L) Final vortex radius (event L) (cm)

VRZ(L) Speed of rise for event L (cm/sec)

TTEST Time to go from point to 1.5 fireball radii below initial
fireball position

NCO Running variable

30
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Descr ipti on of Code SYZYGY

Pur pose

This subroutine calculates the drift function TZ scaled to a unit
fi reball radius r ising at unit speed , given a position.

Inputs

R Radi us of fireball
VR Ri se speed

PSI St ream function (= 112 P~)

Outputs
TOUT Dr if t  function

Outputs to Common
ThETA Angle to point measured from rise line
RR Distance in radii R from fireball to poin t
RH Distance of closest approach in R
VNORM Speed scaled by R
XROZ Total drift displacement

TZ Dr if t  function time (sec)

Method

See Section II

31
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Glossar y of Var iab les
Name

COSEC Cosec of ThETA

COTAN Cotan of ThETA

ROA Equivalent to RO

RO
XRO Z Total drift function
UTZ Distance from reference (z=0)

All other variables are defined previously.

32



_ _ _ __ _ _ _ _ _  __________

Descr ipti on of Code CIPHER

Purpose
This subroutine calculates the position of a point in fireball

coordinates for a given stream function and drift  function.

Inputs

T Drift function

PP Stream function

Inputs from Common
ThETA Angle to point measured from line of rise
VNORM Rise speed in radii
RH Distance of closest approach in R
RR Slant range from fireball to point

Outputs

X Cartesian coordinate perpendicular to rise in R
Y Cartesian coordinate parallel to rise in R

Method

The coup led equations (6) and (7) in Section II  were solved and the
r coordinate solution was stored in a table for 35 times and 15 stream
functions.

Then for a given time (drift function) I and stream function
pp. a value of r can be p icked from the table.

33
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The X and Y coordinates are now determined from the equation

— 
/2 .PP* r 3

X 
~
j r 3-1

and
=

The sign of Y is positive above the fireball  center and negative

below . Close to fireball the sign of Y is determined by finding the slope

of th e stream function dy/dx . For values of X far from the sphere

function subprogram ROOTT is used to find the time at which the gi ven

stream function crosses the zero Z axis.
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Glossary of Variables
Name

T Drift function
PP Stream function (= il? p~~)

X Output - Cartesian coordinates perpendicular

Y Output - Cartesian coordinate parallel  to rise
NFLAG Flag to indica te if poin t has moved
TI(35) Array of drif t  functions
PS( 15) Stream functions (=1I2p ~ )

XX(35 , l5) Array of solutions for TI and PS(=r)
P Local variable - stream function

NOFF Flag indicates whether P is off table
ITOFF Flag indicates whether I is off table
FT Interpolation weigh t for T
FP Interpolation weigh t for P
XN Nth point to interpolate from
RQ Interpolated solution r

XTEM2 X 2

YTEM2 r 2-x2

IN F LG Fla g indicates whether this is fi rst or second pass through

calculation
XS Temporary x coordinate
DELX Change in X f rom pass 1 to 2

DTEL Time difference (sec)
TDIF Time difference since it mad e it to edge of table

DNOM x2-2~P

2 2/3 112f i x  2= 
Lk x 2 _ 2 . p )  -x

35
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Description of Code SCHCK

Pur pose

This subroutine calculates the shock displacement of a given
point from a g iven fireball

Inputs
XOU(3) Initial position vector

K Fireball index

ALPHA Scaling parameter

Inputs f rom Common
XIN(3 , L) Ini t ial  position for fireball L
XEV( 3,L) Final position for fireball L

Output
XSAV Vector position after displacement

Method

See Section I I .  It does not take into account the change in

the fi reball position resul t ing from the interaction of one f i reball  with
another.

A more sophis ticated shock rou tine should take into accoun t the
change in position of all other fireballs from the shock passage of the

fireball under consideration . This however would slow down the calculations

considerably by necessitating a NxN calculat ion of shock interact ions  and by
causing a re-evaluation of flow field parameters for every burst.

The next order approximation wi l l  take into account the shock
arrival time and duration .
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Glossar y of Var iables
Name

C(3) Vector from fireball to point
SR Magnitude of C
SRLAM Scaled slant range
DLAN Scaled shock displacement

SRNEW Final slant range
XSAV Final position after shock passage.

All other variables are defined previously.



Varr iab les Genera ted by MODEL and used by ROSCOE model HYDRO

Common Block Arra y Used

Bloc k Var iable Descrip tion

GEOTD TCHAR(I) Array of cha racteristi c times for event I

KINDF(I) Type of event I, i.e.,
= 1 spheroidal

= 2 spheroidal pressured equilibrium
= 3 torus

= 4 merged during radiation phase
= 5 merged dur ing hy drodyna mic phase

MRGID(I) Flag to indicate merging

For non-merged events (MRGID(I)=KINDF(I))

For merged events , MRGID(I)  units di git contains

th e- event index from which the merge took place;
the tens digit the event index of the second event .

The MRGID of the events from which the merged event

occurred contains in the uni t di git, the other even t,
in the tens digit the new event formed.

RADDAT X IN(3 , I) In i t ial  geocentric Cartesian coordinates with X

through Greenwich for the event I, with ordering

X,Y,Z, (cm).

XEV( 3,I) Geocentric Cartesian coordinates of event I at the

calling time

it REIN(I)  Init ial  vortex radius (cm)
REV(I) Vortex radius at i- alculation time(cm)

SAVEVX BUFFR( 15,I) Initial event radius for the 1th event (cm) to which

all parameters are scaled (=RHZERO( I ))  in common
block /EVENTX/
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The output array XARAY is f i l l ed  in t ime ascending order .

Running times for multi-event scenarios at relatively high

altitude and high energies promise to be long . A five burst scenario

wi th a hydromerge and radiation merge fo.~ example will  run grea ter
than 77 ms per call with multiple events affecting the point. (Run

on a CDC 7600) .

39
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SECTION V

SUBPROGRAM LISTINGS
Ny RD
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C P4VDRO.,6

116  C A Ll. C I S C A P ~~~T N ( 1 . N N , , x E V t . N N ) , P l Y L, 0 , S l , D I S ? , S R 1 )  K Y f l P 40 , I~ 7
_ ...i30 _ _  CALL SUeY C (X(Y (L,NM), P L ,C) .. I~YD~ l.,.96
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MY 0 RD
136 RA D$XMA G CC ) 

C - -  C A L C U L A T E  RA DI US (iF EV ENT AT TIM E CF PASSA ~~~—- - 
~~~~~~~~~~

— - — —

lao IF (S1,LT ..1.5 ,REVU ~)) GO TO 700
C - - - - — -- - -

150 SR D 3 S R I — S 1  N V O W C , t f l 3
151 R 3 ( R L X N ( N N ) * $ p D , P F V ( N N ) * S t ) / S R I  - - —- — - - —  

154 R SA M A X I ( R E I N (NN), A M I M1(RE V (HN) ,R)) HYDNO .I05
*63 —- RM 01 ST ~ q --—-— -__________________________________

164 RR .RAO/ R MYP N cJ. 1 01
C - - - - --

C pS 1 IS CA L C U L A T I D  FOR U N IT RADIUS A ND VELO CIT Y ~~Y~~I’ I).1 O9
C — -— - - - - - - — —  Hy c c o .t t o

165 PS T SO .S* PH* R w. ( I . 1.,R R A A 3 )  HY OPO . t I l
172 -—--—- - IF PSI.GT .1 ,qn) GO TO - 650——— —

C MY0~~).113
- - C FIND THE RE L A T I V E  TIME - -  -—- -  - — - 

~YD~ 0 .1tV
C

*75 SRn,.SPO - - - - - -  - - -

176 CA LL. SV~ y(TY(p.V RZtNN),PSI,DIST ,SR0,Tj)203-- —— ——- V N O R M .V R Z C N N ) / R_  —

C
C NUR PAL. IZE THE TIN E DIFFERE N CE TO AN t.VEPJ T ,~IT Pq U N I T  RISE
C I1y t)PI .t2l

210 2A ~ CO NT INUE - — -- — —-—-—- -— —- - — - — ——- — - -

2*0 TR FLX :TZ.S D TEL*VNOR N MYD RQ .123
21 3 -  - - - - -  - XF 5O.O - - - - — —------——- — — -—

213 YF 5 O IST # R
215 ZF :51 -

21 7 CA l L C IP HFN (TRLLX .PSt. XIT ,ZU ,NF L A G)
223 IF (P.FLAG .€~~,1 ) GO TO 6~~0 - _ _  - __  MYf) R

~~. l 2 8
C P4 V U R I ~ .j 2 9

— - C —-—-_ ---- O0 G4LIl.~~iN TRAP4 SFOR P~A T ION _

C MV D P O .131
C _ 

C HY CI D O. 1 33
227 ZF .SRI—V pZ (NN)*DTEL .ZQ*R - — - - -  - - HYD kQ .t34
233 yF 5~~~*R . NYC P. C. t lb
235  CA lL  SU 0VF C CP1 YZ ,XIN(I ,N ’~),D~ - — -

24* I F C X M A G (D )SL T I.0) 0 ( i ) : 10 0 , P,VC ~~C . 13 7
253 C AlL  L O C LA X (C v E C (I ,NN ) ,P ,t ,2,U VE C ) - —  — M’0PU,~ 3*

HY DP U ,13 q
2 ,1 N CA RBI 3 -- --— - - — M V D R O ,j a O
262 N CR IL N Y O R O . t a l

- PCFC1 )5Zr
264 PU FC Z)zYF H Y O W O , l 4 3
266 PCF(3)~~~ -——  —— - — —— - —- —- ——— — — HY~ PO. ia a
267 A .j
271 6 ,    HV O I O , 14 6
273 CA LL MA TM UL T(IJVF C ,P O F ,D,NP* ,NC *R 8,NCO)
277 C~ iL V E C L IN C A .XI N C I ,NN ).b ,D ,XOU)_
306 636 ICNTI N UE
306 IF 1NUMX ,(O. 1) GD TO 700 --— - ——  — — — — - -  — - - H Y O R O . t 5 2
312 Mi s t M Y f l F Q ,~~~ 3

C - - - - -

C S AV E T HE F LOw FIELD P A R A M E T E R S  FOR EVE N T NM HV 0~ (j.jSS —— -— _____ -—_____________________
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HYDR0
312 H 1 A C N N ) s M t  HVQR C’,,ST
3 *3 PS ,A (NN).PS! - - - —-———-— —  - _________ ——-—- ______ — —  - - - M YO R C, 1S 6

MY ORO .*S9
316 OI S T A C N N ) S D X S T  - —

3t~ PA C KN ):R P I V f l k O , 1 6 1
12* M I A (N N ) S M I —  ——  - — - - -  p

~yf )NQ , l 6 2
322 5t4 (NN) U 1ç M YDR O .163

—- 32~ bin CON?INUE——- —— - — — P VO PC , 1 6 q
125 TZA NM )E T PE L X
326 SW IAI P.N) .SRI_ vP7 (NN). DTE L —- -- - -  PIYONf) .*6b
312 I F u .A I. (o.l ) GO 10 670 HVOPC, 167

C - - -

C SA VE THE V (C7 r~P D I S P LA C E M E N T  CA LCULA TED FC I~ EV ENT MP.aSPO U
-- C —- -- -— - - - -- - - - — — -  — -  MY~~NL-.l7Q

334 C4 I L  X M I T (3 ,yrL) .SPOU (l ,L)) HvcRr~,j71340 &O TU éSô —- — - - — — — -- -

343 66c cO, T IN U F  M YD PO .I73
lai CA LL XM II( .3 .O ,O, SpoU (I,L))  — PIYOPC ,1 7R
1St bAA CONTINUE
35* L’I I  - —  - - - - — —___________________________________________ — -  - M~~~PQ,t7b
353 IF CL .GT i0) G~ T~ 100 14Y 0R 0.17?

C NV OPO, 178
C 00 THE V EC TOR A D D I T I r N  OF THE DI SPLACE M E NTS FOR PX Y Z FR OM M1 ’L TZ PLEH V r’ F.11 .t 79
C L~~ hTS . -  - HYOR O.l6O
C HYDPO .*PI

355 CA i L E VE N A D (SPOU ,NA I. PZYZ .XOU) _— -_  HY CR( ,~ 8~362 67 ev CUN 1I’~UE s,or~).Ie3
3A 2 C4 LL X M ! T C 3 , X O U , X S A V )  — - - -  - - - -- - -  -- - - - - - - -— - - -

361 106 CONTI N U E
367 T IMIIO8 ZO - - - —  ~~

C HV0 0 0,167
C IS TIM AN EV E NT TIME _

C
370 1F ~K~P F .(o. L GO TO 000 —- - -_  ~ - — - P1Vfl” C. 100
373 T IM SIOB IO
173 N CrU NCC IJ .1 — — - _ _  - P$V CRU,t92
375 ~~~~~~~~~~~~~~~~ HV OW C. 1 q 3
377 - NCI~T NCC(J - - ~~~~~~~~~~~~ hYpPU,~ Qt 1
317 ALP ..~A S I A .A5*R W Z I R O  PiVDR fl , t q b
a ol CA 1~ SCHC,c C *rU ,E, A L PH A ,X SAY) — — - -- p’Y0~ O .tqo
40~ C~~i1. t F ~~3,~~SAV ,1OU)
4107 C A LL ~~ITt3.XCL ,,XA P (1 ,N)) _-- _ _ _ _ - _ P4VDQ O.198

CA L L  1M IT (~~,x r U ,XAR A Y C l , N ) )  ,IVONO ,jq0
~2S ~oo CO NTI N U E --—-- - --- —— _ P1Yb~~O.?00423 I I

~~P.C*DC N A I ) .~ C .N)NA ISN A I •1 p ’Y bkO, 2 01
L S N A I - _~ _ .  _~~~ PlY(~NLJ,?fl2

$30 l Ooi C O N T iN U E
C . HVl~kC,ZOq
C T~ r MCDI SM I ? r H  IS 5(1 TU 1 10 IN D I C A T E  THAT 1H( POINT HAS HYOR(j ,)05

-- -- - - C - u~’nI~~GC~~ SPME f l V ( M € P 4 1 ,  A CP~LC~~J3 !~A 0L _P4LQE JC CE T L H M 1N E ______

C 1F THE M OT ION, iS SIG N IF IC A N T  MY CQQ .?07
C - - - - -

$33 ~M ii0, Q
4133 “~DE50 - P4V DRC .2iQ
430 00 1200 11’t ,NCDT MV OR C. ?tI
436 — -  CA LL S U P v t C c x A R A Y t 1 , I l .PXYZ, C P’YDRO.212

L _ _ _ _ _ _ _ _ _ _ _ _
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I

Ny 0 RD
4441 1M ,~~ X M A ( T ( C ) + X w 2  HYC ~~L~ .? t 3

- 452 12n6 Cfl pt T IN( gE - 

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ — _ _ - _ .

US” IF C X M * I GT. T R A V L ) MOD E S t HVnP U.2I5
460 PE TUW N - -  - - - - - - - - M V D N O , ; 1 b
061 END MY D Rt J .2 j 7

SUB PR O GRAM L EN GT H

0065?

FUNCT ION A SSI G N M ENTS
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CDIII
SU RR OU T IN E Eo!Tx( PxY 13 E~~I1x .2

— -- --— - C - - -  - - - — - - — ED ITX .3
C TM jS SURPR OC ,R A M  LOOPS THROUG H THE EVE N TS IN ST O RAGE UP E C I1x .~
C TO THE S T M U L 5 T I f l N  T I M E .  E~IITX .5
C TII( A R R A Y  OF PE R T I N E N T  EVENTS IS STOR ED IN N CAG EOX IX ...
C - - - - -  - - -  (DIll .7
C INPUy S IOITX ,i

TH ROUGH COMM E V X D A T —  
~~~~~~~~~~ E0!tx ,q

C NU MX I TOT AL NI,~~B FR ~F EV E N T S  UP TO TSI M
C TS IM S S IM U I A T ICN  TIME - - - -  - - —— —  £0111 .11
C LDITI .j2
C O U T P U T S  - ——— EO I TX .t3
C N CAG AP P A V CF NA! PE RTI NE N T EV E NT IN DEXES ID I TX .1a

—— — —  C- - - PIA TI NUM BEP CF I M P O R T A N T  (VLMTS——-—--—  L 0 ITX .1S
C LC I T X ,I6
C - - - — —  -  Ffl h I~~.17
C TH IS ROUTI NE IS A FIRST CUT AT E D ITI NG THE EVE N TS 1

--C THE C R I T E R IA liS !O AR E SIMPL E A N D  CAN N E J E C I  E V E N T S  THAT SHOU LD NC TED I TX ,jq
C. sE REJ E CTED AND ACCEPT E V E N TS TH AT SMCU LD bE REJECTED.

--- - —--— — C— --- - - - - - ~~~~ 
C IF A N EV ENT IS A C C E P T E D  AS IP~FLU ENC ING ThE PO INT HISTO RY ,IT (DI II.??
C SH flULO D( C HEC KED A FTER TM ~ 0! AILED CA LC UL A TI UN S HA V E  8EGUN IP. £0 11 1 .23
C SU BROUT I NE HYOR O,
C - - - - - ED ITX .?S
C TIM E DE PEND EN T MOD EL P A R A M E T E R S  GEOTU .?

COMMON /GEOTD / NF, I~.D XF(5U), R T F C ~~u ), Pl_ FC5 O ). HF (50). (,CF (5o). GEOTO .~
I ~~~~~~~~~ k~fA XF(S 0), M~~I~~~(’

,C ). ~p .F(So ), IILTF (5O ) , r.EQTC ,,4
2 A GE(50~~, N~~T A , I N D * D ( l 0 O ) ,  D L A I S L ( I O 0 ~~, N C N (j O O ). ~EO lD.5
3 HD R (l O D ) ,  ~lThS (100), Pl.t~5 (I0O), P~R S T i O 0 ) ,  S ( 1 0O ) , r . F r ’I~~.6II GCl .T A C 1 O 0 ) , G L B T ~~(iQ0J, T F C c O), T C N A M ( s D),M H G I D C 5 V ), GEO TD,7
5 x~~PCSO ),V F~~(5O ).ZfR(’,Q),PUT (b0 ) GEPTD .p

- -  C O M Y D N / E V X D A ? / N U ,N A I , XA N ( 3 , 1 0 ) V N C A ~~(10),TS IM,NCU T ,1MbU (IQ)_ L V X P A I .2
C

CCMM ON ,R A D OA T ,X T W( i. jO ), XEV (l , IO ), HEI N (I0), R LV (10), VXYi (l ,10). W A D D a T .?
I V R Z (tO ) ,CV (C CI ,IO ) R A D O A T .3

C - - -— - —  - - N A D D A T .U
COM MOM /G IOMD ,THETA ,RR .R H ,VN .ORM ,DTEL, XR O X ,TZ G IOM O ,?

- — __— — __ ___________________________ G EO MO .;
C EV ENTI PA R A M E T E R S

COM MU F / EV I NT I/  N I, IDE ’ T14(Sfl). M b ( 5 0 ) .  G C B ( 5 C ( ) .  GLB (50). E V L N T X .3
I 100 A D ( S C I ) ,  p~ r8 ( b 0) .  MS~~C 5 O ) ,  TE.B (50), VR I SE(5 0), EV E ’-T X .U
2 RDZF PO (SU ) , PHZE ND (N0 ) . kU Z ERO SO . bXb( ’~O), E V E~~TX .5
3 B V B (sO), N 4~R (5O ), L HV ~~(5Q) ,XA LPH A(~~O), N A LCH (V E N T X .6
CON MO P.,RFD O R T ,N A F F C T  — __ J4OV ZQA .7l
D I M E N S I CN P 1 y 7 ( 3 ) .C (3) ,R (3).D (3),H(3) 10111 ,31
N A M E L I S T /FD IT3 /PXY Z .C,L, SR IZ (D !Tx .32

C bE GI N (VE N T LOOP EDI T l .33
C — -- — -

NCE1ZO £01 11 .15
_ _ 2 - -  - NA F FC T SO _ _ N O V 7 O A .72

3 NA 1aj
C N C A G ( 1 ) 5 0   IOI~~X .~~16 DO 1000 L’l ,NX E O I T X .15

C 
~~~~ ~~~~~ -

7 SN ,2S XM A G( CV FC (,,L )) £0 111.40
_ ......._j2 IF (Sp I2.LT .i. Eq )_GO T0 1000 _LOIT1.aI
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ED ! TX
C EOI TX .a? —

C - — —  IS THIS EVE N T A C T I V E  I.- £ . -PEO 1 A ~~~~~~~~~~~~~~~~ -

C
16 SOn C~~N T1 NU f £0111 .45

C L0aD EVE NT  P A RAM E T E RS FO’~ THE E VENT L
C - - — £ fl hlx ,a7
C 10111 .46
C — M I L L  I~’I~~- t. (V EN T EV E R W A V E — A N  E FFE CT—ON PU IN T G IV LN ,
C bEGI .~ CA L r U L A T I O N  ED I T x .~~0C CA EC UL ~~T E D ISTANCE (IF CLOSEST A PPROA C H - -— — - —-- -  - - — — —   10111 ,51
C ED11z .~~216 CA LL D ISC APC X! N T 1 ,L ) , XE V (I,L ) ,PXYZ (1), P4 ,SI,D IST ,SRZI) — £0111 .53

31 RD~~S :013 , EDI T I .S0
——— - 32 —- -—- -  T° TS ($~~7 1_ S 1 I / V P Z (L)~~ €011 1.55

36 ~~~ IF (Sl,L1 ...t,5,R1V (L,,TD! S :b686 , NOV !S,1
- IFUSR21.SI).LT ..l.s*REV(L))ToIS:85SS,__

_
~-- -_--~

.____ — - -

C 10111 .61
C TM ~ N A D I U S  R E V IL, SHOULD NU T DE USED M E RE . P THE R A D I U S  CF THE EO ITX .62
C EV ENT NE A R IH( PO IN T OF IN T E R E S T  5P400LL) bE USED . PIOA EVE R, T H IS E~~ITX .b3

— - -— - C -—— -- RA fl 1US P REOiI 1UES E X T E N S i V E  C A L CU L AT ION - P.01 UI.EMEO JOST I~ 110 -AT - -— L DITX ,64
C Th IS ~D INT IN THE H! STCRY PROCESS . 10111 .65
C - — - - -

C €0 111 .61
5? R’l.RQI S,REV (L) -- - - -  — —-- - - — — - - ———— ______ -- - — - LDIT * ,66
50 j F ( P M .r,T.1.5, ~r TO 1000

— ~o — IF (tDI5. (Ty, 7 7 7 7 .) GO TO 1000 - -  10111,70
63 TT F S T Z T S IM .1P(L I .I .S.RL V (L )/VRZ(L) 10111 ,71
67 IF TDT S.G T .TT€ S T ) 6(1 TO 1000 - - - LD! TX.y2
73 N C (IZP.CC.1 IDI T X .~~3
7$ NCAG(NCG).%. - - - - -— —  — - — --—---—-- — - - —  - LDIT% .74
76 N A I I~~CO (0171 .7577 *0 66 CO N T IN UE -—- ED~~Tx ,~~6

C 10 171 .77
*02 NA FF C T .NAI - _ ___ _____ _ _ ~~~~~~~~~~~~~~~ - - NOV 20A ~~73
103 RE TUR N £0111 .76
10$ (N~ - - _ __ _ _- __ _ .~~~~~~~ —- ——___ - - - - L D I TX ,79
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EDIT S
SU R POU T INE €0!T1( PXYZ) (“~I1k .2

C 1( 1 11 .1
C TH IS Su Jli PP ( J r R A M  LOO PS T HHOijf,H THE E V E N T S  IN STO RA GE UP E C T T * ,4
C TO TM F S T M L J L A ? I O N  T IM E , (0171 .5
C TM ~ A R R A y  OF PER TI NEN T (VENTS j S  STO N E D j N  N C A G  Er ) !Tx.6
C L~~IT1 .1
C INPUTS
C THR OUG H CO MM E V X D A T  F D T I x .q
C NU NX T OT A L Ni(M p 3pR r-r FV F N T 5  (JR TO lO IN (0171 ,10
C TS !N:S IM U IA T !CN TIM E IPI T * ,jt
C E D I T s ,i?
C OUTP UTS E O I T X .lI
C N CAG A W R A V Cc NA! PE RT IN EN T EV E N T  INDI.KES 10111,14
C N A I N U M B FR CF IM P C 4 T A N T  E V E N T S  L~~t’~~.i ’
C
C
C ThiS RCUTINE IS a FIR ST CUT *1 ED IT ING ThE EVENT S , £0 111 .10
C T~~ CRI T E R I A U SFO A RT SIM PLE. AND CAN N E J E C 1  E~~E½l5 IN A T  SHOULD NU 11o Ill .lQ -:
C BE PEJ L Cy ED A N D A C C E P T  E I E N T S  THAT 5MLU LU ~E N EJE CTEC ,
C E O T T I .?t
C I~ A N  EV EN T IS A CC E P T E D  AS I N F L U E N C I N G  THE PUIt. T HI$T(IP Y ,IT F 0 7 7 1 .??
C 3W n(~~~ ~E CHE C K E D  A F T E R  THE D E T A IL E D  C A L C U L A T I U N S  M A l E  bE GU N IN £0111 .23 —

C SUi~~O1JlI~,E My 7~~fl~
C
C T I M E D E P E N DE NT MO DEL P A R A M E T E R S

COM MUP. / f,EOIri, h F ,  I~.0 x F t S u ) .  R T F ( ’ ,uI, P L F L S U ) ,  1 .0(50) .  V C F ( 5 f l ) .  GE~~T D. 7
* 6 10 ( 1,11), H - A * T ( ’ ,O) ,  N U1I I (1,C) ,  , ,, ..r l (1 ,1 )~~ , 1ILTP SC ,h.~ f T ~~.42 £f.(( 511), P. %T A , jN tJ 1t~(I~~1’) , t) L~~~L . ( t 0 f l ) .  N L ’ W (.t O O ) ,  ,E ’t 0 .c
3 ~~ i r ) ,  .~T’7 S ( l o ), ~J L rS ( l~~I) .  .-.~~cU c O ) ,  S ( 1 0( ) . 1 . 0 1,.N
44 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (~~~~C 7 ~~~~~ 7

5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C U M N D N / E V X D A T / P . U M X ,, A I , X A N ( S , 1 Q ) , ~~*. A U ( 1 0 ) . I 5 IM , N C O 7 ,1..~.4 IJ C I 0)
C

C CM MON ,Q L O D A T , X I N ( ; , I 0 ) , * I V ( S , I 0 ) , H E I N C I U ) , P E V ( 1 O ) , V X T L C S , i O ) .  N A D I A t _ 2
I V R Z (tn) .CVE C( 1,t0) PAPrA1 •3

C h A D D A T ~~4
COM ~~JN/G € OHD ,THFTA ,RP ,NN , VN O PØ.,OTEL , XR ~~1, TZ (4 r~~D ,?

C
C EV E N T I  P A R A M E T E R S

COuMU~ IEV E N T S I  NI , !t7~~. Th ~(1)R) , M~~C5 O), GCb ISCI), GL~~(50),

* ~0G * 0 ( S ( l), R i.,flM V~O ) ,  .. S~~C S a ) ,  T ( M F ( ’~tfl, v P I S 1( 5O ) , 1v E~~T 1 ,,
2 Rt ~~I R 0 ( 5 v ) , ~s1Ew OCN0 ) , h ) L L ’ A I ) ( s f l ) , t iXi~( b 0 3 ,
3 FY’UcO) . F,~~f 4 ( 5 o ) ,  LH I b ( N V) ,Am LFpl &r,0) ,  NA L C M  1 vF N t Y .~.COM MIIN /QF POQ T ,b ,A FF CT
D!..INST C N ~~~~7( ) .C ( 3 )  ,4(S ).UC3) ,s(3) 10 1 11 .31
N A .~E L y S T ,F01? 7/PxV Z.C .L, 5.~~2 1D 1 t z .~~?

C !~1G!.J E V E N T  LOO P
C

NC (ISO
2 N A F FCI$O

10171 ,3’
41 N C *C(IJ :~
A 00 1000 i i* .~ j~ 10 171 .11

C
7 %W , J S 1 . - Ar, C C V F f ( 1 ,L ) )  101 71 . 4 1 1

10(’412.LT,t.(u) GO TO io~

- -- - — 

~~~~~~~~~

- - 
_
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SY ZYG y
SURR OUT I NE SYZYG Y (P ,vR ,PSI ,D IST ,SRD , TOUT ) SY ZY GY .?

C -- - -—— — ——  -- —--— SY ZY GY ,3
C IH 1S SUSPR O GR AM C A L C u L A T E S  T H(  DR I FT FUNCTION S TOUT SYZY&Y .44
C FOR A G I V E N  POINT R E L A T I V E  TO A SPHERE , - - SYZYGY .5
C SV ZY GY •6
C IN PU tS - S Y Z Y G Y .7
C P3 pA OIUS OF C U R R E N T  EV E N T  AT TIM E CF PASSAGE OF TP SY ZYG Y .8
C - VR :RIS( v E L O CI T Y  - - - -  - ——  ___________ _______________-— SY ZYGY .,
C PS IS S IRFA M FU N C T I O V ALUE 

- 
SYZYGY .10

— C OUT PU TS - - - - - SYZY GY .1t
C TZsTP’I CO N S TAN T  CONT OUR R E L A T I V E .  TO EV E NT CENTER OF ZERO $Y ZY GY .1~- - - - C - - SYZYGY .*$

CCM M ON /CON ST ,RE , PI ,THRD, PZE.PO,*ZLRC ,UZERO ,T2€RO,P IO2 CDN ST ,2
C ______ — -- - CO N ST ,3

COMM ON ,GEO MD ,TMETA ,R R ,HH , vNow ~~,nTEL, xRox ,Tz G1(IMD.?
C  — — - - - -— - - - -— - — --— - GL hMU ,3
C SV ZYGY .16

-- - DA TA PIO2/1,5707963/ - -- - - - - — - - —— - — — —— - - - - —— - —  -S Y ZYGY .11
C SV ZYGY •18

-— -— - C— -- 01ST IS a POSIT IVE DE F IN iTE QUAN T ITY a y _ I M E . D L F I % I T I O N C _ . SYZYGY .)9
C CF THE COORD I NAT E F R A M E  SYZY GY .2Q
C - — — — --—- - —— - - —  _ _ _- _

~ - _ SY ZY GY .21
PS~~:AM A X 1~~PS1,5 ,f.7) ~YZ YGY .22

13 D IST :A II A X I C D I S T ,I , )  — - --- -— -- -—— - - - — — - — —  - - - - SYZ Y GY ,23
16 IH E TA A T A N 2 (O IST,SPD) SYZYGY .2R
23 - - IF IA G IO - - — -  _______________— — — — —  3 Y iY G Y .2~i20 VM( IRMSV R /R SY ZYGY •26
26 PO:SURT (2 ,0*PSI) -- —  - - —  - - — - — — - —- — — - —  — - -  - SY ZYGY .27
3* CCSEC :t.,SI P. (THETA ) SY IYGY •28
40 CD TAN ISRD ,D IST - - — -—— - - - - - - - -—  - -— -— -—  $YZYGY ,29
01 RC~sKO SYZYGY .30

-- - — 43 - RHiDI ST — —  S Y Z Y G Y • 51
44 R~~:DZST*~ OS E~~,R SYZ Y UY .32
46 PR 7 N T 10R0,~~R .R .RCA ,SRD.PSI SYiYG Y ,33

1010 FC qP ~A T C 1 x , *NR: *tPE1 2 ,~~,* ks*1P112 ,5,’ RU A ,SkD ,P51 *1p 3L12,5 ) SY ZYGY ,34
72 IF(PU .LT .1,s )

IX P CZ:,4414444* C 3.,Rn*RO) *A LOD (4 .SSR/4O)—2, 6oa +o ,11q075p 0 .RO • 3~_ _ 1ob _ _ If CpO.GE .I.S )XkO ~:.u 4l1 R / R L A e * S_ ,o Iu/R 0A **e+1 , q 02b /pOA** l1 - — 1,31
12 6 I F F Y M E T A  GT .2,617 ,OR T M E T a ,LT ,0,~~23S~~) GO TO 200 Sl i uY ,38
137 Ic (RP .6T:l. 7S, GO TO SO S Y Z Y G Y .39
142 U T Z.XROZ/ ? ,4.hbAe6 b *(1 .+(PU***~~)/3 ,)*A LOb (TAN (TP1(TA /2 ,)) NOV20, ?

I .2fl22*RuA .*?*CO S IC *CO TAN  NOv?0 .3
1 •.2??2ARCA* a2* C (TSIC*CO TAN SYZYGY .41

—- 160 - TZSU T Z/V NOR M ___ ..... __________________________________________—- SYZYGY .42
*65 TOTIT? SY Z YGY .43
*66 IF L A G S 1 - - - SYj~~GY ,’JN
*61 !FFPR .Gt 1 ,5) GO 70 100 SY ZY GY .0S
176 IF LA GS O - - . . ~~ SY Z Y G Y .0b
116 60 TO 3O~ SYZYGY ,47
177 50 CON TIN UE - ______________________________________________—- SV ZY 6Y .~~6
*11 IOn CO N T I P U E 5YZYGY ,~ 9
177 U T7I Q C*ACO TA N ,XR O Z _ _  — -  SYZYGY .5Q
20? TZZUTZI V NC(PM SY ZYGY .SI
203 I F (IFL A G .FG ,1 ) GO 10 500 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -  Sy ZYGY .~~?
206 

- GC TO 300 SY ZYGY ,S3
20b Zoo - CONTI NU L 312767.5”

L i
48



-l~~~~~~~~~~~~ 
— -

SYZYGY

SYZY G ’.Sb
- -- 207 - -  — RA 0.A4$ (pq.1) —- - - — — — - — — — —~~~~~ — -  - S’Z~

(-,~ “62 12 U T 7 $ R ,.1b~.éét .* (PO*PR) **2/(RRe *3.I ,)..I11Il1.( 3.,~IO*.2)*
I ALC G (pAe /5 (IRT (RP*P R+ RR+I)) .,19245*CS ..ROa RO) **yaN(j .73205 SY FY GY .S6
2 / (1,.2,~~pR)) S’Z~ GY .S9252 RR ,.PR - — - - - - -  — - - -  — -—- - — - -—— — -  - - - SY ZV GY .AO

?53 UT 7SUTZ* p SY 7YGY .b 1
TZ :UTZ/V p——--— —— $YZ?t ,Y .A2

255 IF (T HE TA .LT, p 102) T7: TZ h OV 17 .*
261 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- -  - - SY ZYGY •A5266 30 0 CONTINUE h0V2 0 .4
266 TZ:TL *V N ORM - - - — — - — --— - - - -   SYZYr.Y .bb270 TO~ T ’ TZ SY z v r . y.87

— — — 2 7 1 -— - —— RE TU RN  $ Y Z Y 6 Y~~4l8
271 SOO CO NTIN UE
271 TL = C ( RR .I,5).TQT, (I,75 .RR)*TZ)A4,--—-— - -  — - —  _____ — -  SY 7 V G Y • 10
277 TZ:TZ*VN O RM SY ZY GY •12
300 TOUT :TZ — SY?YGY ,73
301 RE TU RN SYZ Y GV .74

“S’ZYGY ;7S

SUBPROGRAM 1 (NGTK _ _  ~~~~~~~~~~~~~~~~ - - -
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C Ip H E p
SU PROUT INE C IPH F R (T .PP , 1,7, ‘4L A6) C !P”1 P ~2

- C - --  
C ! P~ L’•3

C TH7S ~‘J7 RO’~’TNE C A L C u L A T E S  T~~E PL SI T I U~. CF A PO INT IN C !P t~~,4
C C~~r~R U I N A T 0 S  IT IFO ~~! ? M  THE SPHERE TOM A G I V E N  S T R E AM CI OM E R .N
C FU NCTI ON PP AND A G I V E N  LP1EI FUNCTION 1 (SEC) C!P~ ER .b
C C IPM E R .?
C IN PU TS CY R M IR I

-C-— --- T.0RI~ T F I I N C T Y O N  IN SEC S C A L E D  TO a U N IT 615€ V ELO C ITY ,——— -——--- - C f P M E~~,9
C ~~~~ $~~~R(~~~M FUN CTIO N FOR U N I T  E V E N T  R A DI US AN D U N IT V E L O C I T Y  C IP ”EP ,I O
C C I PM E Q .1I
C OUTP U TS C 1P~ EQ~~12
C X :000R D I R A T E .  R E L A T IV E  TO EV(N T CENTER AN D PE RP E N DI CULA R TO C IP~’ER .1S
C RIS E V E L O C I T Y  C T P M E R ,t I A

—— —— - C  - — -  Y:LCNG ITLJD IN AL COO R D I NA T E .  A T  T I M E - I IN U N I T S - R E L A T IV E -  TO——-—- C 1o sE~~.15
C UNI T 0aD t s~S A N D R ISE V E L O C I T Y . C I P M L W .lb
C NFL A G P L A G T~ INDIC A TE —H E 1e.ER A NY CH A NGE IN POSI TION P1 *S CCC~Ic R E D C Ip ~~~P~~l 7
C CI PM I R .18

CONV ON ,COYST ,q& ,PI,THRD, PZEPU ,A ZERO ,DZERU,T ZLR O ,p I02 CrIN ST .2
C

COM M OP./GEOM O ,THF TA ,RR, RM ,V N ORM ,DI€I .,XMUX ,T Z -— (,IC~W .O,2C
C - — - —  — — — -  - CI PW LR ,2 1

D IM E N SION 11(35) ,PS (1S), XX( 3 5 ,15 ) C IPHER .??
D A T A 111.10, ,—1 ,, ~~~4 , , 3.,’e ,~3,—2. ,—1, 8,.I,IA,.I,,.,6, C IP~ tR ,23

A
—--—--- —-—--——— B 16..1I,,2?..?S ,,311 .,u0 .,,O ,/ _  - - —  — - - — — - —-- - C IP~ E~~,?5

D A TA  ~~~~~~~~~~~~~~~~~~~~~~~~~ 1,251—3.5,1—S. 1.12SF.?. C IPM E. R,2b
a 2,E ?,,~~~5.,Ob,~~,121 ,,,1ó3,..S?Q,,5,1,125 ,2 ,Ø1/ CIP N E R .?7

DA ~~A Np/ 15/ ,Ny/ 35 / C !PM IP ,28
DA ,* T L A ST/.111./,#LA S /I.414 92/,RL2/I0O .Ob bO/ -- - - -  C !PNER .29
DA T A C X X (I ),!:l, i *~~)/  C I PM IQ .30

P ~0,0O?7R , 5.~~t77ø. - - 14 ,112877. - 3.oc?Z2. - —  2. 5750? , 2,Ilu bb.CIPrEP ,3I
P 1.938g0, 1.61192 , 1,3~u o oi , I.73~ ’ I, 1,07335 , 1,G1 ,627 .C !PWEP .12
R I.032u , 1.11 103 11, 1. 01 1121, 1 .00312, j .00172 , 1.00C10. C IPHER ,33
5 1.00020. 1.00009. 1.00002, 1.00001, 1, 00001. 1,11 0 11 0 * , C T P M I P .3u
P j,000o1 , 1 ,00537 . t ,SQ~1bb , 5 ,39738 , 7,3O9~~is, 9.365’a,C !PuER ,35
P 13 ,30297 , 16 .382114, 21,38127 . 31,38069. ‘11, Sd 0147, IO .002 70. CT PM L P ~~%b

_ _ _ _ _ _ _ _  P 5 .01770 , 4.02878. 3.05223 . - 2 . 57~~02, -- 2 . 1 16 6 7 ,  1.93&~~0 ,C Ip1. E Q.37
P 1,61193 , 1 .340111 , 1 .2365), 1 ,0733U. 1.05626, I,0T2 4 1 ,C IPM E P .3S
N 1 .01 1311 , 1.0102 1 , 1.0031?. 1,oO1 ~~2, I.OCO7D, 1 .0002 9 ,C IPHE P .39
R 1.00 0n9 . 1.00 00?, 1.00001. 1,0000? . *,00fla 2, I.0001U .C!PM E R .40
R 1.70766, 3.1,6048 , 1,s2~~s2 , 9,52620 , 11 .524145. 15,522 7 6,CIpw E P .u 1
P ~~~~~~~~~ ?3.5215 9, 33.”211S. “3.52o~ S, l0.0C.’78, S.01 7 7 1 , C T RHER .112
N 4.02679. 3.115224, 2 .57504. - 2 .11408. I.9*~~62, 1 .b11~~~,C I PM L M .43
P * .SU O o l , 1.?3””3 , 1,07337 , 1.05629, 1,03263 , 1,01832 ,C TPH IR .iiq
R ~,01n;j, 1.0031 14. 1.90113 , 1 ,o0U~ 2. 1, 04030, L ,000 I0 ,C IP H E R .65
P 1. fl011 0’ I. 1, 1 1 1 1 0 0 4 ,  1, 1 10 0 34 ,  j ,~~~b SQ, 1 ,14642 , 2,52a~~u ,CIp ~~1P ,ab
P 4 , 4 b°~~2, 8.uSIuO. 10. u’906, I? ,uUl?0 , 16. 444632 , 1 9,445011 ,CI PM L P.07p 4.~ U3 31 , 36.46609, 4f4 ,I4 Is4 7 3 , Iu.c0? 90’ 5.01 ,95 , lS .02 900.C!OM IP .(.0

- P 3,052a2 , 2.5754 9, 2 ,11522, - 1,93~~3~~, - -  1 .biebO, j .340?3/CIP~~E.~~,’J9
DA TA ( A X ( I ),I :115 , ?20 )/ C !PN E P ,5O

P $,235;;, j•~~73Q~~, 1.05684, 1.03294, 1,01679, 1,0t0 08 ,CIPW LR .51
P 1.OOlc ’, 1,00217, ~,~~cijR , 1.00066. 1.00101 , I, 011?bB ,CIPHE R.52
P I,0103n, j .1”~~211, 1,16042, ?.bc773 , 4,608 10, b,SQb1,6.CTPh.FP.53
P 10 ,50905, I2.5~~B 12 , 16,5R730 , 1 8,58836. 2I .SB600, ?b ,50502 ,C IpM EP ,SN

- - - P ~6,58S;A. 08.585*3 . 10.00328 , - 5.01089. - 4.0300 0 .--- S,053 83.C IPHLM .55
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CIPHER
P 2.51’Q0. 2.11600, ~~~~~~~~ 1 .614 614, j.30290, 1, ?3738.CIPl.E.I~,1,b
P 1.07578 , t,058N9, 1.03454 . 1.42410, 1, 012 13 . 1, 0fl507 .C)p,~E iR ,1,7
R ~,)(h 3~~7, 1.11 0335. 1 ,00632 , 1,009’Sb , *, 05~~31 , 1.1 3 17 ,C IP .~16 ,Sb
R 1.69001 , 2.57511. 3,531a3, 5,51328 . 7,SOSoI, 11,511 00q .CTPH IR ,59
R ~ 3, 4 9 b Q 9~ ~S.u9920. ~~~~~~~~~ 22 , 49709, 21.49672, 37 ,~~9e37,C !P~’1P ,bO
~ 07.~~9b70 , IO ,00lQn , 5 ,oj9ci. .4.03154, 3,05584 , 2,57 q?1 ,,CI~~.~ER ,N~
P 2 ,110 69 , 1.9~~418 , 1.6111 03 , 1 ,34853 , j,?409e. 1.0 1084 ,C TPM ER ,62

______ —- - - P 1.061’~?, 1.03727 , 1 ,022 91 , 1,01~~72, 1. 11 0 8 1 1 ,-  1. 0O 750 ,C TPN ER ,’,3

~ 1 , 0 1 1g * q ,  1. O I S 3 S ,  1.fl3 °23. 1.1331 9 , ),35084. 2 ,13803 .CIP”FR ,.,uu
R 3.07561 , ~.05!7~~

. 6.03393, ~ ,o?7~~7’ 12.11 22711 , 14 .0?16S ,CI P..14,#5
~ 16,020~ S, 70 .02011 ’ i3 .n1~~73, 26.01 9*4 , 30 .111 0c 4 , ~~~~~~~~~~~~~~~~~~~~
R 10 .0067 0, 5.02167, 4,0337Q , 3 .uSb bb , 2.58255, 2,12359 ,CI PMLP ,o7
~ )~~9(4~~3~~ 1.62217 , 1.35160. 1.26000, 1. 11831 8, I.0 ,l1 ,C IP I. F Ou ,88
P 1,~~~t ?l , l.o2olu , - 1,0 1808, - - -  1.01333 , - 1. 01439 ,-- 1 ,0?I314/ C 1p ’~~~.b9
DA ,A ( X x C T ) . L ~~?2Q ,3 o 7 ) /  C T P H E P ,10

- -  - - P 1,039u9 , 1 ,10053, 1, 28610 , 1, 60851 , 2,~~7 1 47 , 3,4?185,CIPHI.R .11
R 4,~~0931. 6.39435. 8.7111141, 12 ,311385 , 14. 387711 , 1b .382115,CIP1.L0,12
~ �O .381 i5 ’  2 3 . 3 8 0 7 4 ,  28 .38 0 29 ,  38 . 3 7 9 8 3 ,  .4R , 37959 ,  I 0 , 0 0 1 2 7 ,CIFNIP , 13
P 5.02662, 4.11390g. 3,06867, 2,~~q1q3 , 2 .13472, 1, 96028 ,CT PNEP ,1ls
P 1.636~~1, 1.36608. 1.26042. - 1.09592. - 1 ,01806, 1,05311 ,CI PHLR ,15
~ 1.03 877 , 1 .0317 1 , 1.03332 , I ,uu 2~~b , - ~,07? bU , I,13 4 99,CIp’4 P ,7b
P 1.291~~9, 1.60949, 2.015811 , ?.,93661, 3,9908 3, 14,89223,CXPNIR ,17
P 6,819 j6, 11.8734 6, 12.86’55, 14,6 6732. * 6 . 1 1 0 6 4 5,  20,8653 3 ,C IPHLR ,78
R ;3,86479 , 20.86419 , 38,0631,2 , 40.66316. 10.01077, 5,03355 ,CIPPE R ,79
P 4.000a3, 3.07766, 2.60501. 2 ,11 ,021 , 1. 97697, 1.6c501 ,LIP P ,l0
R 1.38 633 , 1 .2807* , t.1l 44~~, - 1.09627, 1 .07116 . 1,CS7?2.C1 P1.1M.81
P 1, 111,3~ 9, 1,06916. 1.0929?, 1 ,156 17, 1.27046, 1, U971,dS,CI P1.FR,P2
p j,67a~~~, 2,30920, 3,24678, ‘4,22306. ~.,2 O Q 7 o ,  7 , 1q b b 0 ,C I p u ~~R .63
~ 9~~1 91)43, i S,i ~~~7~~’ 15 ,1 8323. 17.1821 4 , 21,16060 , 26 ,17 996.C IPNER .Aus
P ;9,t19~~;, 39 ,1 7 11 1 6. 49 .17183. 10 ,41528. 5 .04265, 4.059 U 4,CIPHIR ,8b
P 3,0 9220, 2.62174. 2.10099, 1,9900u, j, &7Q~~b , l. 0*22 9 ,CIP1.L 4,Ob
P 1 ,30680 , l ,13 ~ l6. 1 .12080 . - 1,0 9803, *,08455, 1.O1114 4b ,C IP~ E .R,67
~ 1 .12 070. 1 .16129 . 1.28093, 1 ,41029 , 1, 87648, 2.0002L , ,C IPME P .68
P 2.5263?, 3.4128*. 4.6480 6, 5.43442, 7.142030 , 9,’1327IC IP~~1R .~~9

C IPHER ,qO

~ *3 .40~ a”’ 15. 4045 1,, 17 ,140316 , 21 ,40126. 24,4002~~, 29 ,39916,C IPH IR ,91
P 39.39703, 09 ,39701, 10L02075 • 5.05330. 0.07287. 3,109 63 ,CIPM EW .9?
P . 2 . 6 42115, 2,19396, 2.02367, 1.70800 , 1.144385, 1,3 3891 .CIPHE~~.93
R 1 ,17047 , 1.1 52 *1 , 1 ,1202 6, 1 ,11 955. 1.1?4~~6, 1 .111233, C IP ’ILR ,q4
P j,23Q 73 , 1.36519 , 1.53785. 1.62478, 2,2~~095, 2,b Q l l l ,CIPHI P ,q5
P ~~~~~~~~ 4.61468, 5 ,6o0116, 7,511423 , 11,5160,, 13, 56773,CI P HER ,Qb
P 15.56537, 17.56381 , 21.58116. 24 ,SS9~ u, 29 .55840,  39,5 s 0 6 1 , C I P W E R ,97
P ~9,51,Sç1, 10. n 3~~10, 5,08 00?, 4 ,10064, 3 ,15360 , 2,60313 ,C IPH L R .98
P 2.254n0, 2.00778 , 1,78058 , 1 .52316, i .u2 0l3 , . - 1.2S? 88,C IPHEN .99
P 1 ,235*o , 1.2*420. 1 ,21 708 , 1,228 62. j, 3c’13?, 1, 39935 ,GI HHEQ .100
P t,~~5433, t.1~~9t8. 2 ,05077 , 2,41361 , 2.92530 , 3,86997,C IPHER .1 0l
~ O ,l4 (~~~~, 5.8221 6, 7 .11 0141, 9 ,79QOg ~ 13 .777 91, l5, 77 u4 3 4,CIPHE Q .102
~ i~~.~~7 1~~~’ 21 ,76779, 24 ,76577, 29 ,76335 , 39 .70039 , 49 ,1Sabh,C1P ~ CP ,% 0 3
~ i0 ,O5?o~~, 5.115 99. 4 ,15 013 , 3.20929. 2.75753,  2 , 3 ? 9 ? S , C Y P I , L P .* 0 a

- - - - - P 2 ,18791 , 1.67006, 1,622~~U , 1,52265 , 1 .111 017, 1.3 43 4 8,CIPM L 2 .105
R I,325s5, 1.32 920 , 1 .35353. 1,66565, i, ”525a , 1, 1III I .C I Pl ’E R .l 011
P I.~~iS~ 1, 2.2*870. 2.6181? , 3.v111165, £I ,O2CIP , ‘1.9P3 67,CIPWLP .t07
P 5,96fl~~0, 7.9330j. 9,9173 8, 13, 90034. 15 ,69520, 17, 8912 6,C !PM FR .IQ 0
P ?I’~~~Sb3 , 24 .88264, 29,87903, 39,87459, 449 ,67I96 , 1O ,114 5 1 ,C 1FHEP .109

C IPM L P .110
- P 5,2362 8, - 4,2~ 71O, _3.3958b,_2,971OZ, _ 2.57531 ,_ .2.P28°5.CIP M LR .1I1
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CIPp ’~ P
~ 2.1 615?. 1.9013 8, 1,85344 , 1 ,7 11 7 1’ 1.6980?, 1,61004,C !PHLQ .*12

______ - 0 - - 1,~~9uy5 , - $.72397, 1 ,84*03,— - 1,92010,-- 2.06 317 , - -  2 ,26695 ,C IPM IO .113
P 2 ,S51~~5. 2.94496, 3 ,36113* , 4,26184 , 5.24623 , 0 .I6499,CIp .~1R ,114

- P 8 .1*373, *0 ,1183 3 * , t~~,0u0 9Q , 1 6,031138 , jo, o3o ~~o, 22, 0*842,C IPHER ,115
P ;S.~~I1oS. 30 .004211 , 39,99450, 49,90084, 111.20061, 5,4flO25, C!p e~fR ,11b

- P 14, 419 UqS~ 3.bU jh l , 3 ,24767, 2.88167, 2.7561N, 2.5?0u ,l,CII ..~EP .1j7P 2 ,32~~74. 2.25656, 2.1350 g . 2.123 81 , 2.11 14 611 , 2 .123211 ,CI P ’-EP ,118
-R — 2 .1o~~a7, 

— 2,252?8. - ?.126 9~~
,- -— 2,464l8r— - 2, 62943, - 2 .80317,CIPHFP .119

P 3,2’J?éS, 3 .631123 , 4.40908, 5,j9418, 6.32887, 6 .2o50 I ,iTp.’ F .,I20

~ 

10.*~~”?O . 1~~.135~ 2’ 16.11770, 18 .10355 , 22,00299, 25 ,0719O ,CT PHL4 ,,?1
P 30 .05831, 40 ,04150, 50 ,03140/

- -  C - - - — -  - -  C !PHLP ,t23
C BEGI N I N TER P OLATI ON OF ~ IN TA B L E  AT T IME V A N D S T R EAM PSI , C IPHF R .*24

!N FLGSO C I PM €R .126- - - 7 P p P  -— - - ---— -—--— - -——-—-
~~~~~~~~~~

— - -—— —- -—— - - - - ——— —  C IP H F R .127
11 111 CON T I NUE C IP H ER .128
11 NF LA G.0 - - - — — —-- —-—-—-————— - — — - --—- — — — — - -— -———— C IP H E4 , 129
12 WO FF~~0 CIP’-’EP • I 3 0

—— — -1 2 -— -—-— - I F (P ,LT ,PS (l)) NCIFF~~116 IE NOFF ,~ Q ,1 P ~ P SC I CI PHLP ,%32
21 I’D 200 E,~ ?,t4p - — — — - -— - -—— - —- — -— - - — - - -  —— CIPML ,,.I$3
23 N 23N C IPHER .134
24 IFCP ,LE. PS(N )) GO TO 210 - — — — - —_ — - — -—  - ---— - - -  C I P ” F R ,l iS
27 2O o  CON TINUE CIPs ’ER~~136

—- 3 *- - NUpFU2 — ——- — C IP ’~EH .~ 37
32 2tet CON TI6UE CI PHER ,%30

FP.(PS(N?) P),(PS (N2).PSCN2 .1)) -— - — - —- — —  - - - - -— - - —   C IPHER .I$9
C C IPM L P ,1.10

— C T $ç RL NEED 8€ NO RESTRI C T IONS ON FP 10 IPIE INT E RPOLATION • E X T R A P U C I P H F R ,I44 1
C OLA IZON IS L O G A R I T H M IC .  ~ IPW L R .I42

______--  C-- - — - - - - - — - — —- _______________________________________________
— TPHE.Q.t43

37 IT oFFIO CY P ’ E~~,I94
37 IF (T ,LT ,71 (j))ITCFp. % IP”LR .144 S
43 DC 300 I~~2 .NT IPHER .146
85 N1~~ - - ~

_ _ _ _  C IP HLR ,1p 7
88 IF (CT TI(T)) ,1E.j,(.a) GO TO 310 C IPH€ P .114 6

— 52 3~~ CO N TINU E __ ._.. _ . C I ~4LR ,149
54 ITfl FFa 2 C I DM L P .t 50
55 3m CONTI NU E - _______ _ _ - _ __  . C IP HL P ,I51
55 Z P AO ZNO FF ,1 CIPP .E P.152
57 N A 004ITCFF+ 1 - - . _ ~~~~~~_- _ _-  _ _ _~~~~_ _. _   C IP I~E P ,153
61 GO TI) (1410 ,4211 ,440) ,NAD O CIP HER ,154

- 67 414 * CD TO (4 A 0 , 4 6 0 . 5 0 0 ) . 1 P A O  _ _ .C I P ’~L R ,I5S
16 42o GO TO (560 ,5611,500 ),IPA D C I P H F R .156

105 144n CC TO (5;0,52fl,S00),IPAD - - - — — - - - -- — - - - -—- - — - --—-- —— - - — - -- —   C IPHE R ,151
11 I~ ‘164* C ONTI N UE C IPHEP ,156
122 p T .(T I(N 1 )— T 1/ (TI (Nm —TI(N1—1) ) - -   C I P PE. P ,159
126 FT5 A Ma X 1(0, ,A M I P4 I (F T,1.)) CI P P- 1P~ Ib0

- 1 3 5 . - -  A 1 .F~’*FT C I P P -EN , lb l
136 A28(1 ..TT)*Fp CIP ”E~~,1b2
137 A3 80T* (l ,.FP) - - -  - - -- - -. —— - - - — - —- - - - —  CX PHER .1b 3
181 A P .(1,~ F T)I (1..Fp) C I PH t P ,164
182 51 115(61 .1.N ?.l) — - - — -- - - --—-—--— - —— C I P P- I4 ,1bS
248 X?sXX (N l, N2 ”l) CIPP’EM ,16b

—-- 1 8 5 531xX (N 1 .t,N2 _ CIPHE’1 ,167
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C~ P ME P
147 X4l .A X ( N l.N2) C IPM E R ,168
151 RG p s~ M T (A p a, .x1 ..? .a2ax2**2.a3sx$.a2 ,aasxii.*2))___ __

~~._ .  - C TD ~’64 ,I89
171 R ’:PU~ R0 CI PH IR .1 7 0
111 RS.R0’P2 - — - -— - - — - C TP 6EW ,17 t
172 XTF .2 :?,.P.Wj,(p3.1) C!PM I P.172
17 1 515 T (s,E#?~ - — - ~ - —  - CI PP~tH~~173
208 y T €~’2~~~p .5TEM 2 C !PM E R .114

— 21*6 !~~(YTEM2 . ,t .0.0)y TEM 2u 0, 0- - C I P P E M ~~t 15
2 11 Y :.St3R T (yt t’fle l .017 C T PH L R ,176
2 . 0 IP C I NF L G .f0. l 1 GC 10 ‘410 - - —  - - C !P”f~~.*7 7277 !‘t~

(4 .&T .1,0b5) GO TO 4180 C IPHER .118
225 TN FL GZI - - - -  - C IPH FP ,179
225 P*DP ..OO3 .PP CIPH I W ,180

— 730 - - - - X5~~ — C1P$~ P ,l 8 t
231 GO TO 10 CIPHER 182
732 8 7 *  CONTINUE -~~~~~~~~~~~ —- -- - -— — - — - - - - -  - - - --- - - ———— --- -  - C IPHER ,183
2 32 DL iX~~ .X5 CIP’IEP ,1844
234 - - - — -  -- —-  —-  - - —— - - - — -  - CIPHL ’l ,IbS
23 4 IF (OELX .GT .0.0) Y~ .Y

- -  237 - GO TO 80 0-—— -- ~~~~~~ — —- - - — — —  CTPP I L K ,*87
280 14I~ CONTI N UE LI PHEP ,186

C CT ”~ LP ,189
C T”r FA C T O R  1 ,11 *7 IS HERE 8EC AU SL OF Tri E SL IG H T ERRCP IIETUHP.1D IN C~~PM E 4 ,l90
C U FROM S Y Z Y G Y ,  - -  - C IP HLR .19 *

240 I F CT .LT .POCjTTCFP, P5 , 92)) Y .Y C Ie~ E~~,192
751 GO tO 800 ~

_ _  ______________________________________ —— — -  CIPp. 1~R ,i 4 3
752 SOn CO N T INUE C T P M E R .194
252 F1F i AG. 1 — - C!PM LN .195
253 CC TO 800 CIP’~FR ,t9b
2541 528 CONTINUE  - - C !PM L II ,197
254 NF AG:t CI P 4~ER ,198

- - 255 IF (THE TA .CT.2.b ll) GO TO 500 — - -  C IP ”ER .199
261 601 A GU O C IP ”EW ,200
261 I F C T M L T A .I T ,O .3) GO TO 530 -  C !PW(~~,201
263 Tpl IS 1V NCPM i C 1 , + ,5/RR* ~ 3 )a 5ZN( T HE T A/ 2 ,I/RR*DTL L CI PN EP .2o2
218 TMr *Z T HETA ,TH F S - - -  - -  C Ip M L R ,2 03
276 I F F TM D ,LT. 0.01) GO TO 530  CI PHER ,204
304 - - - - x .RR’ SIN (THO) CIP#ER •?45
312 CC TO 600 C Y PM L R ,?oh
312 Sb CONTI N UE - ~~~~_ —  CIPNL 4 ,207

C C IPHE Q .?06
C PO TN T LIr S ON EX TREM E LY SM ALL STREAM PIJN CTION ANC IS CLOSE C IPM EN ,209
C TO RIS E A XIS— . A PPRO S I M A T I  X CC OR DI N *T (,CA L CU LaTE V FR OM 5 , C I PMLR .l I 0

- -  - - ~~~~~ - C!PM LR .211
3*2 XZ PH*1 .01 C1P’- l.~~,212
3l~ GO 10 b OO — — -—- —- - - —   - — -  —  C IPHL P .213
318 ~~~ C ONTINUE C XP HFR ,?14
3j4 GO TO 800 - -—  — CI PM E P .21S
315 564* CON T INUE C TDH E P .?16
32 5 - TD TF1 TZ TL AS T ~~T .  _____________________________________________ C7P k 1~~.?17
3211 X Z SGR T(P) *PLAS3 C IPN ER .210
326 YR L SAR S (PL2.X *X I - - -—--- - - — --- - - --—- - - -—- -—-- - —~~~~ - - CI PHIR .?LQ
33* Y’.50~ T( ,PL) C IDH E P .?20
33 1 I F t T . L T I R O U T T ( F P , P S , N ? ) )  Y~ •~ -— - -  - - - - CT PW L P .?2*
350 Y.Y .VNURM*TD IF CIPM I P .2 7 2

__ -- 3S3 —_-- __ -~- -  GO.TO 600 ._._ _CIPHLP.223
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~~~~~~~~~~~~~ 
______ _________________________—— — C IP6t~N .?2S

355 ONnp.18 85C52 .p .*P ),.000001
361 VU *Ti S ((1~ /ON ~ M~..,bb~ bb.X?)  - -  - --- -—--— C TP W F P .?27
365 Y1 .SURT (y)
373 IF (T ,LT .R IIOT TCFP, PS ,N2)) Yu.Y — — - _  C I PM EW .229
404 80o C C6 T INU E C IP 11 EP ,23 0
44 4*4 — R1.TIJ RN - —- ---C!P i ’ EP , 231
ul os EN 0 c!PHLP .232
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SCW CK
SUR POUTINE SCHCK(X OU ,N ,AL P PIA , X SA V )

- - - - — - — - - -—- _ _ _ _  _ _ _

C TH~~5 SUOPOiJ T TNL C A L C U L A T E S  T Mf SHOC N OISF ’ LAC EM ENT SC HC N ,4
C OF POINT 500 FROM EVENT M,G IV INC THE N EW PIJS IT ION X SAV , - SCN CN ,5
C SCM C ’ ,ô
C IN PUTS - -  - - — -  —- - - SCHCN ,7
C ~~0ij ~1N I T I A L  POS ITION SC HCK ,0
C— -— ~~oVt ~~T WII M A E P  SCHCN ,9
C A L P$A ISMO CN SCA LI NG P A R A M E T E R  StHCK , 10
C — -~~~~~ SCHC k ,~~l
C OUTPuT SC HCN .12
C -  — —--— --—-— — - -— - SC pu C~~,~~3
C X$ 5 v~~~~~~~ PO SITION AFTER DISPLACE M ENT . SCHCI( ,14

- - - - -

~ 

- - - - -SCHC N .35
C TIME O1D €N0 E P~1 M(1DEL P A PA # E TE R S  GEC IO,2

— - COM MO N /GE~~TD / HF. I N0*~~(50), % 11 150), PLECS O), *.~~ 5o) ,  UC F(511 ) ,  GEI ITD .3
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- G c k T A ( t 0 o ) . r . L R T A ( 1 0 0 ) . T F ( s0 ,T c 6 4 P ( c o ) , Ml~aLC I,o1, GF nTD .7S X~ R ( 5 O ) , y f ~~( S O ) , Z ~~P ( 5 0 ) , P UT(5 )J )
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- DIME NSIO N x O u e 3 ) , X S A v ( 3 ) , C ( 3 ) , O ( 3 ) ~~~ _ _  --  ~~~
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SUB R OUT INE OLSC AP( P ,Q,D ,M ,31,OI $T ,$RZ *) 
- - - _ - - o!S CA • ,a

C - - — - OTS CA P ,3
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- - 
TW I S R~,UT INF .~~5 ~~ ~i~~5~ 5t D IST A N CE TO THE LI N E OF CE 6TEPS DIS CAP ,4&
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73 END OI SC A P ,25
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SECTION VI

TYPICAL OUTPUT

Three test problems were run to give some typical output from the
flow field models. Each test problem consisted of finding a position at
burst times of a given particle at the calculation times. The first two

problems consisted of a single event at 43 kin and a spherical Vortex radius

of 8.68 km. The last test problem consisted of a five burst scenario at

relatively small yields and altitudes .

The output gives the number of actual events that have occurred

as distinguished from hydromerged events. The values of the param eters

are given for both the initial and the calculation time. The initial

parameters are labeled with the “Type” - INITIAL ; the calculation time

parameters have a “Type” - ACTUAL. The height, colatitude and longitude

are given along with the indexes of the fireballs affecting the point. The

position of the point at the burst time is then given.

For example, the first test problem has a point at 48 km at
2.7 sec; at 0.0 sec the point is at 41 km. The drastic change is altitude

for such a short time span is a result in assuming that the shock arrives

instantaneously at burst time. A correction of this error has been made

and will appear in the next version. The shock error is even more apparent

for the given point at 70 km at 2.78 sec which was at 53 km at 0.0 sec.
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O U T P U T  FOR F L C W  F I E L D  T E S T  — . PROBL EM NUMBER’ I

N U M B E R  OF A C T U A L  EVENT S • I
CCO RO IP~A TE S A T 8U~~ST TIME FOR I EVE N T S

EVE NT NO, TI ME M EIG M T ( * c . P”) C C LA TI TU C E LON G ITUDE NAU IUS (KP l ) V E L O C Z T Y ( K M , S )  TYPE
1 0.00 41 3.0000 4* 1, 2988 238,9807 8,68003 Q .0000 000INITIA I.

COORDINA TE S OF I EV E NTS AT CALCU L ATI ON T INE • 2,7 80
EV ENT NO. TI ME W E I G W T ( l c M )  C C L A T I T U O E  L U N G I T U U E  R A U I U S (K M )  V ELOCI TY (N* 4 ,S) TYPE

1 2, 78 43,j565 4*1,2988 238 ,9807 6,3p 633 .0562837 A C T U A L  —

POSITION OF POINT AT CA LC U LA T ION TIME 2 2,TBSEC

IILIG HT (I~M ) CO LAT ITUDE LONGIT UDE
a 5.O o Oo 411 .24141 9 238.9807

POINT APP EA R S INSIDE puR ST NUM BER I

I4EIGMT(N M) COL AT ITU DE L O N G I T U D E
51.0000 ~1.2Q41~ 238 .9801

NUP8(q OF EVENTS A F F E C T I N G  PC IN7 I I INDEX ES AR E 1
POSIT ION S U~ ~U2 N T *7 EV E N T  T IMES

EVEN ? T IME PIE IG # T C HM ) C O L A T I T L U E  L O N G I T U D E
1 0 ,0 4 * 44 ,304 9 41 ,2895 238.98070

ME GMT(l(N) CO LA T ITUDE LONGITUD E
“8.00~~O ~1 ,2~ M 9 23 8.9807

NUM BE R OF EVENT S A F F E C T I N G  POINT ‘ 1 INDE XES APE I
POSITIO NS OF POI NT AT EV E N T  TI M ES

EVENT TIME M E I G H T CW M )  CO L A T ITU D E  LO NGITUDE
1 0.00 4 1.326 1 41 ,2 96 0 238 , 98070

MEIGMT( NM) CO LAT ITUD E LONGITUDE
418 .0000 “ 1.284 Q 238.9807

POIN T APPE AR S IN SIDE BURST NUM B E R I

MEI G P4T(KM ) COt.AT IIUDE LON GIT UDE
70.0000 ~ l.2a 4*Q 235.9807

NUN SE R OF EVE%T S AFFECTIN G PO IN T • I INDEX ES AR E S
POSITION S OF POINT A T EVENT TIMES

EV E N T TIM E HE IGMT( KM) CO LAT ITUD E LONG ITUDE
I 0.00 53.3258 a I .278 1 238. 9807 0
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COORD INAT E S OF I EV ENTS A T CA L CU LAT IC H TIM E • 25.000
EVENT NO , TIM E H L I G N T ( M M )  C C L A T 1 T t J O E  L U N U I T U D E  pa i~IU S (*N ) V E L Q C ITY (N M / S )  TYPE

1 25.00 58,9528 411 .2988 238.9807 11 ,8921 7 .55811141 AC T UA L

POSITION OF POIN T AT CA L CULATION T IME • ~5.00SEC

~IEI~~HT (kH) COL ATIT UDE LON GITUDE

~5.000o ~1,2414*9 238.9807

NUMBER OF EVE NTS AFFE C T ING POINT * 1 INDEXES ARE I
POSITIO N S OF POI NT AT EVENT TIMES

EVENT TIM E M E IG H T C K M )  C O L A T I TU D E  L ONG ITUDE
1 0,00 84 ,2030 41 ,24189 238~ 98070

MEI GH T (XM) CO LAT I TUDE LON GI TUDE
51.0000 ~1 ,24M9 238 ,96 07

POINT A PPE A R S INSIDE BURST NUMBER I

M E I G W T C N M ) COLAT ITUD E . LON G ITUDE

~8.0o0o ~1,2aq9 238 .9801

POINT APPEA RS INSIDE BURST NU M BER I

HE IG N T(KM ) COLAT ITUD E LONGIT UDE
4 .0000 ~I ,241419 238.9807

NUM BER OF E VE N T S AF FE C TING POIN T ‘ 1 INDEXES ARE *POSITIO N S OF POINT AT EV ENT TIMES

EVEN T TIME M( IGHT (~ M) CO LA T ITUDE LC NG IT UOE
1 0.00 ~3.39ie 41 .24180 238.98070

KEIG HT (KM ) COLAT ITuOE LONGITUDE
4 1.2849 238.9807

NUM BE R OF EVE NTS AFFECTING ~Q INT • 1 IN DE XES ARE 1
POSITI ONS OF POINT AT EVENT T IME S

EVENT TIM E P ’EIGWT( PIM) COLA T ITU DE LCNG ITU OE
1 0.00 82.1415 41.2~~3 238.98070

-
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COO RDINA TES OF 1 ~V~ N TS A T C A L C U L A T I O N  TIME • 50 .000
1VENT NO , T IM E  MEIG H T (KM )  C G L A T I T L ~OE L O N G I T U D E  R*t)Z%J5(~~M ) V E L U C I T YCNM ,5 )  TY PE

1 50, 00 7 1,5777 41 1,2968 ~3o .9BO7 17 ,341 79 .5~ 1~ 537 ACTUAL

POS ITION CF POiN T AT CALCU LAT iON TIME • 50.OO S EC

NEIGH ? (KN ) C O LA T IT U D E  LONGIT UDE
~5.000o ~I,2414Q 238.9807

NUM BER OF EVE NT S A FFE C TING POIN T • * INDEXES AR E 1
POSITION S OF POINT AT EV E N T  T IM ES

EVENT TIME $EIGHT(’UiI CO LATITU DE LONGITUDE

* 0,00 84,7187 41 ,24128 238 ,98070

HE IGN T (KM) CO LAT ITUDE LONG ITUDE
5 1.0000 ~I.24419 238 ,98 01

NUMBER OF EV E N T S  A F F E C T I NG POINT ‘ I INDEXES ARE I
POSITIO N S (JF POINT AT E VE N T TIMES

EV~~HT TIME N~~ Gp4 T (kM) C O LA T ITUDE LONGITUDE
1 0.00 418,8496 81.25~5 238.98070

NEI G HT(*~M ) COLATITUD E LONGITUDE
4 8 ,0000 41 .24419 238 ,9807

NUM BER OP EVE N TS AFFECTING POINT • I INDEXE S AR E 1
POSITION S O~ POI’~T Li EVE N T TIMES

EVE NT TIM E HEIGI 4TC~~M ) CO L A T I TU D E  LONG ITUDE
1 0.00 46 .8892 41.2483 238,98010

ME!G P 4T ( X i 4 ) CO LAT ITUD I LONGITUDE
44 .0000  ~1.2449 238 ,9807

NU M BE R OF EVE NTS AF F E C T I N G  PO INT • I INDE XES AR E *
POSITI ON S OF POINT AT EVENT TIMES

EVEw T TIM! I’4EIGp*T(NM) CO LA T I7UD E LONGITUDE
1 0,0 0 44 .1808 41 ,2~ 1~ 23$ ,~ e070

$EIGNT~ M M ) CO LAT ITUD E LONG ITUDE
70,0000 ~l .244*9 238.9807

POI NT APP EAR S INSIDE BURST NUMBER I
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C OO R D INATES CF I EV E NTS LT C A L C U L A T I O N  TIM E a 7 5,0 0 0
(VEN T NO, T I M E  NEIGN1(,(P1~ C C L A T I I L D L  LU N G I T U O E  N A O IU S ( NM )  V E L O C I T Y C K M ,S) TYPE

1 75 ,00 83,8563 41 ,2988 238 ,9807 22 ,694158 .5420841* ACTUAL

POSITIO N CF POINT AT CA L CU LA T IUN TIM E • 75.D O SEC

NEIGN T (KM ) COL AT ITU D E LON GITUDE
85 ,0000 ~ l.24149 238 .98 01

NUM BE R OF EVE NT S A FFE C T IN G POiNT a I INDEXE S ARE *POSITIONS QF POINT AT EV E N T  T IME S

EVEN T TIME NEjGNT(XM ) COLAT ITUDE LONGITUDE

* 0,00 4141,5750 a1,2~ 13 238 ,98070

PlEIGHT (XP ~) COLATITUDE LONGITUDE
51 .000o 41 ,24419 238.9807

NUMBER OF EVE NTS AFFECTING PCLwT • I IND EXE S A RE I
POSITION S OF POj’~T AT E V E N T  T IMES

EVENT TIM ! P4EIGP4T (KM ) COLAT ITUDE LONGITUDE

* 0.00 49 ,a~~07 01 .25*1 238.98070

I4EIGH T (KM -) COLAT ITuD E LONGI TUDE
48,0000 ~ * ,2a~ 9 216 ,9607

NUM B E R OF EVE NT S A F F E C T I N G  POINT • I P~OEXE5 AR E *POSITIONS OF POINT AT E ”EN T TIME S

EVENT TIME P4EIGP4TCXP ~) C O L A T I T U D E  L O N G I T U D E
1 0.00 ~7 ,033~ 4I.2~ 53 238.98070

WEIG MTCKH ) COLATITUDF. LONGITUDE

~4,0000 ~t.2449 238 i 98~ 7

NU MBER OF EVENT S A F FE C T IN G POINT I I IN D EXE S ARE *POSITIO NS OF POINT A T EVENT TIMES

EVENT TI ME N E IGMT C~~M ) CO LAT ITUDE LON GITUDE
1 0.00 44,0560 ‘i1,2~ 10 238,98070

M E IGNT( KM) COLA T ITUD E LON GITUDE
70,0000 ~1,2a49 238,9807

POI NT APPEA R S IN SIDE BURST NUMBER *

L - - 
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OUT PUT FOR FLO M FIELD TEST •• PROBLEM NUMBER. 2

NUMBER OF A C TUAL EVE N TS I
CC~ 41O !NA TES AT 8URST TIME FCR I LV ENT 3

EVENT NO , TIM E P4EIG$T (~ M) CCLA T ITUOE LONGITUDE R AD I U S C I ~~M )  V L L O C ITY (~~M ,S) TYPE
1 0.00 43 ,0000 41 1,2986 238 ,9807 6,6800.1 0 .0000000INITIAL

COO RDINATES OF I EV E NTS AT CALCUL ATION TIM E • 25,000
EVENT NO, TIM E M~~IG Id T( K P’ ) CCLA T ITUO~ LONGITUD E RA UIUS (XM ) VLLOCITY (NM,S) TYPE

1 25,00 56.9528 41, 2988 236 ,9807 11 .84*217 ,5~ 8*11 4 ACTU A L

POSITION eF POINT -AT CALCULA TION TIME • 25.OOS EC

) ‘EIGHTtNM ) COLAT ITUDE LONGITUDE
43.0000 41,2988 238,9801

N UM B E R OF EV E NT S A F F E C T I N G  POINT • I INDEX ES AR E I
POSITIONS OF POINT a T EV E N T  TIMES

EVENT TIME MFIG NT (NM) COLA TITUDE LONGITUDE
* 0,00 38 ,3511 41 ,2987 238,98096

MI IGM T (*~M ) COI,ATITUDE LONGITUDE
41,0000 ‘41 ,2444 238.9807

NUMBER OF EV EN TS AFFE CTI NG POINT • I INDEXES AR E I
PO SITION S OF PO INT AT EVE N T T IME S

EVENT TIM E NE IG ’4T (~ M) C OLA T ITUDE LONG ITUDE
1 0.00 410.4063 41 ,2390 238 ,98070

HEIGIIT (N .*) COLA TITUDE LONGITUDE
39,0000 ‘~1.24144 238 .9807

NUMBER OF EVE NT S A F F E C T I N G  PO IN T ‘ 1 INDE X ES ARE 1
POSITIONS OF POINT AT EVENT TIME S

(yEw? TIME MEIGMT(M ’4) COLATITUDE LONGITUDE
* 0.00 38.6152 41,237 * 238 ,98070

I IEIGHT (MM) C OLA TITUD E LONGITUDE
35.0000 “1,2444 238,9807

NUMBER OF EVENTS AFFE CT ING POINT I I IN DEXES ARE I
POSITION S OF ~D INT AT EVENT T IME S

EVIw T TINE MEIGM T ( ~~M) C O LA T IT UD E LONGIT UDE
1 0,00 35 ,0228 al ,238 1 238 ,98070

M(IGP4 T ( K M )  COLAT ITuDE LONGIT UD E
25 ,0O0o 41 ,2448 238,9807

NU MBER ~F EVE NT S AFFE CTING PC1w T S I INDEXES ARE 0
POSITIO NS QF POINT AT (V ENT TIMES

EVEN? TIM E I IE IGP4T C KM) C O LAT ITU DE LONGITUDE
1 0,00 25 .2216 41 ,2450 238.98070
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COORD I NAT ES OF 1 EV E NTS AT C A L C U L A T I O N  TIME • 50 ,000

EVENT NO. T IME N E I G M T ( K M )  CCLAT ITUDE LUNG IT UQE RA U I U S ( X M )  V E L O C X T Y C K N , S )  TYPE
1 50,00 7 1,5777 41.29N8 238.9807 *7 ,3~ t7~ .571 55)7 A CTUAL

POSITION OF POINT AT C A L C U L A T I O N  TI ME a S0 ,00S (C

H( IGMT (K M)  CO LAT ITUD E LONGITUDE
413 ,0000 ~ I.2988 236 ,9807

NUMBER OF EVENTS AFFE CTING P01w? * 1 INDEXES ARE 1
POSIT IO NS OF PO INT AT EVEN T TI MES

(VENT TIME HE IG HT( MM)  C L ’ L A T T T U O E  LO I~G IT U DE
1 0,00 38,3*62  uI ,2987 238 ,~~8Q94

HE IGM T( NM ) CU LA T ITU DE LO NG ITU DE
4 1.0000 4 1 , 2 4 1 8 4 1  238 ,9807

NUMBER OF EVENT S A F F E C T I N G  PO I NT ~ I INDEXES ARE I
POSITIO N S OF POINT AT E V E NT T IM ES

EVE NT TIM E .1E!GHT(XM) COLAT ITUD E LONG ITUDE
1 0, 00 410,6565 4 1.2366 238, 98070

MEIG HYCKU ) COLAT ITUDE LONGITUDE
39.0000 ~1.2444 238 ,9607

NUM BE R OF (VENT S A FFE C T I N G  POINT U * IN D E X E S  ARE I
POSITIO N S OF POIN T AT E V E N T  TIME S

(VEw ? TIME NEIGNT CKM ) COLA TITUDE LONG ITUDE
1 0.00 38 ,5610 u* ,2355  238 .98070

NETG )4T(I~H) COLAT ITUD E.  LONGITUDE
35.0000 ~ 1.241414 238 ,9807

NUMBER OF (VENTS AFF EC TING PQ Iw T i I INDEX ES AR E *POSITIONS OF POINT AT EVEN T TIMES

(VENT TIME P4EIG N T(NM) CO LA T ITU D E  LONGIT UDE
1 0.00 34,7838 41.237S 238,98070

H(IGHT (MN ) COLA Y ITUD E LONGIT UDE
25.000o ‘41.24144 238 ,9807

NU M B ER OF EVEN T S AFFE CTI N G P01w? • I INDEXES ARE 0
POSITIONS OF POINT AT EVEN T TI M ES

£VEwT TIME MEIGHT(NM) C U LAT IT UDE LONGITUDE
1 0,00 25 .2218 ‘41 .24 50 238. 98070
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CO O R DINATES OF I EVENTS A T CA LCUL ATION TIME • 75,000
(VENT p’o, T 1~~( NL!c.wT(~~~’i) CO LAT ITUDE LUNG !TUUE NA DIU S (KM) VELOCITV (NM,$) TYPE

— I 75 ,00 83,o5b .S 41,2988 238,9807 22,694156 .5420041 ACTUAL I
POSIT IO N CF POINT AT CALCULATION TIME • 7S,00SEC

MEIGM T(~~M ) COLATI TUDE LC~ G*TU0E
4 3.0000 “1,2988 238 .9807

NUMBER OF EVENT S AFFECTIN G POINT • I P.~DEXES ARE I
POSITIO NS OF PO I NT AT EVE NT TIMES

(VENT TINE MEXGM’~~K M )  COLAT ITUDE LONGITUDE
I 0. 00 38 ,3387 81,2987 238 ,960 95

I4EIGNTCKM ) COLATITUDE LONGITUDE
4I.000n “1,2444 238 .4*807

NUMBER OF EV EN T S AFFE CTING P01w7 • I INDEXES ARE 1
POSITIONS OF POINT AT EVENT T IMES

(VENT TIME I IE IG MT( KM) COLA I ITU DE LONGITUDE
1 0.00 ‘40. 1993 41 1.2370 238 ,98070

H(IGNT(KM) COLATITUDE LONGITUDE
39,0000 ~1 ,241a~ 238.9807

NUMBER OF EVE NTS AFFE CT ING POINT ‘ I IP~DEXES A RE 1
POSITIO NS OF POINT AT EVENT T IN ES

EVENT TIME M E I G M Y C K N I  CO LAT ITU DE LONGITUDE
1 0,00 38 ,2960 81 .2358 238 ,98070

N(! GHTCKM) CO LA T ITUD E LOP~GITU 0E
35,0000 ~1 ,24 41a 258 ,9807

NUM BER OF EVENT S AFFE CTI N G PO IN T • * INDEXES ARE I
POSITIO NS OF PO INT AT EVE N T TIMES

(VE NT TIM E I4EIGP4T (KMI COLATITUOC LONGITUDE
1 0.00 341,4239 ~I.z379 236.96070

NEIr,HT (Ks) CULA T I?U DE LON GITUDE
25,0000 ‘41,2444 238 .9807

NUM BER OF EVE N T S AFFEC TING POINT I ~ INDEXE S ARE 0
POSITIONS OF PO INT AT EVENT T IMES

E V E N T  TIME H (IG$T (KN ) CO LA T ITUDE LONG ITUDE
1 0.00 25.2218 41,24150 238,98070
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OUT PUT FOR FLOW F I E L D  TEST •• PROBLEM NIIPRLRu 3

NU M P E R  OF A CT UAL EV EN TS ~ 5
C O O RD I NA T F S A T  ~~IjR 57  lIMP FOR S EVENT$

EVEwT NO, TIME ~‘E IGMT CNM ) CCLA TI100E LONGITUDE 450103(NM ) VELOC ITyC~~M/S) TYPE

* 0 ,00 5 .0 0 0 0  41 ,2988 23~~,0o~~3 ,2o705 0 , 0 0 0 0 0 0 0 I P d T IA L
2 0 .00 9 .1500 Mt , 298M 238 ,9807 ,2670S 0 .0 0 0 0 0 0 0 I N I T IA L
3 ,2o 9,5000 41 ,2988 238 ,9807 .26705 0 , 0 0 0 0 0 0 0 I N I T I A L
‘4 12,Oo 12,0000 41,2988 239 ,0095 ,2670S O,0000000INI TIAI .
5 20,00 * 1,5000 41,2988 239.0093 ,267o5 0.0000000INI T IAL

COO RDINATES OF S EV ENTS aT C A L C U L A T I O N  TIM E a 22, 000
EVEN T ND, T IM E P~L 1& MT CX ’ 1 ) CCLA 1I lU~ E LO NG ITUDE R A U I U S ( K M )  V L L Q C I T y C ~O’/S) TYPE

1 22.00 5.9868 41 1,2986 239 ,0093 ,5533 8 .0448580 ACTUAL
2 22.00 10,2207 81,2988 238,9807 ,52425 .0886684* ACTUaL
3 22.00 10,6602 41,2988 238 ,9806 .53110 .0532*91 AC TUAL
‘4 22,00 12,7610 41,2988 239,0093 .56068 .0 761 038 ACTUAL
5 22 ,00 11.5063 411,2988 239,0093 •80005 .004416 02 ACTUAL

POS ITION OF POINT A T CA L CULATION T IME • 22,00SEC

NE1G HT(~~43 C C LA T IT U D E  LONG ITUDE
9,0O0~ 4 1,a9~~6 Z38 .~~8a4

NUMBER OF (V (NTS AFFE CT ING POINT a 1 INDEX ES ARE 2
POSITIO NS O~ POINT AT EVENT TIMES

EVENT TIME HEIGNT (KM) COL ATITUDE LONGITUDE
I 0.00 8,9472 £i l ,2968 238.98617
2 0.00 8 ,9509 al ,2988 238, 986 15
3 .20 8,9539 41,2986 238,98680
‘4 12.00 8.9343 41.2988 238,98650
3 20,00 8,97u5 qI ,2988 238,98679

N E IGMT (MM) CO LATITUD E LONG ITUDE
9 .1500 ~* .2 988 238 .9864

NUMBER OP EVENTS AFF E CT I N G PC1~i1 a 2 IND EX E S  ARE 2 3

POSITIO NS OF POINT A T  EV ENt  T IMES

EVENT TIME P4EIGMT(XM ) COLA ITTUDE LONGITUDE
1 0.00 9,0902 41.2988 238,90615
2 0.00 9,0938 81 ,2966 238,98611
3 .20 9,0276 81,2988 238.~~8677
‘4 12.00 9.0163 41.2986 238.98656
3 20.00 9,0570 81,2988 238,98682

MEIGWT(KN) COLATI TUDI. LONGITUDE
‘41,2988 258.9868

NUMBER OF (VENT S AFFE CTIw O PCIw T I 2 INDEXES ARE 2 3

POS ITIO NS OF POINT A T  EVE NT TIMES

EVEN? TI ME MEIGNT(KM ) CO LA T ITU DE LONG ITUDE
1 0,0 0  9 ,9259  4 1 ,2988 2 36 , 98 45 9

5 0.00 9,928~ 41.2988 236.98457
3 •20 9.8821 ‘41.2968 238.98479
‘4 12.00 9,9681 ~l ,29B8 238,98715
3 20.00 9.8451 a1.2~6$ 2%6,~ 8716
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M EIG M T (NM) C U LAT ITUD E LONGiTUDE
10,60 0o “1,2988 238 ,98644

POINT APPEA RS INSIDE BURST NUMBER )

MEIGI 4T (NN) COLATIT UD E LONGIT UDE
1t ,200n 41 ,2968 238~ 9864

NUM BE R OF EVE NT S AF FE CTI N G PO INT • 1 IN DE X E S AP E 3
POSITI ONS OF PO IN T ~T EVENT TI MES

(VENT TIME M E I G M T C M M )  COLA TI IL’D E L ONG ITU DE
1 0.00 10,~ 589 441,2986 238,~ B487
2 0 .00 10, 96 15 41.? Q 88 238. 98886
3 .20 10.9726 01.2988 238.98489
‘4 12.00 11,0~ bB 4 1 .2988 238 ,~~858S
3 20.00 11 .1508 01.2988 238.98 800

COC R O IwAT ES OF S EV E NTS AT CAL C ULAT ION TIME • 30 .000
EVENT NO, T jM (  P1EI~~N T C K M )  C O LAT IT UD E LONG ITUD E NA D I U S C K M )  VELOCITY (NM/S) T YPE

1 30.00 6,3005 41,2988 239,00 93 .66313 .Q~ 3350 41 A C TUAL
2 30,00 1O,Su2~ 41.2988 238,9808 ,83083 .04464166 ACTUAL
3 30.00 10,Q904 441 .2988 238 ,9803 ,baUbl  ,0500237 ACTUAL
‘4 30 ,00 13.3330 411 ,2988 239,0093 ,67395 .~ 7o0575 ACTUAL
5 30,00 12,2~~Q2 41 ,2988 239,0093 1 ,06*26 •O 7u~ *7o ACTU AL

POS ITIO N CF POINT AT CALCULATION TIME a 30,00SE C

!IEIGNT(KM) COL A T IT UDE LONGITUDE
9.0000 ‘4 1,2986 236 ,9880

NUMBER OF EVENTS AFFE CTING POINT • 1 INDEX ES ARE 2
POSITIONS OF POINT at EVE N T TI MES

EVENT TIM E HEIGHTCNII ) C O LAT IT UDE LONGITUDE
* 0 ,00 8 ,9360 41 ,2986 238 ,96620
2 0.00 8.9398 4 1.2988 238 ,~~eb t1
3 .20 8.9”27 ‘41.2988 238.98852
‘4 *2 .00 8, 9237 41 .2988 238 .98683
5 20.00 8,961 4 ‘41,2988 238.9668*

METG MT C I(M) COLA TITuDE LONGITUDE
9.1500 ‘41.2988 236,98641

NUMBER OF EV E N T S  A F FE C T I NG  POIwI $ 2 INDEXES ARE 2 3
POSITIONS OP POINT AT EVENT TIMES

EVENT TIME WE IONT INM I CDLA TVT UD F LONGIT UDE
$ 0.00 9.0802 ~i1,2966 238,96616
2 0.00 9.0838 ‘41,2986 238,98814
3 .20 9.0038 41,2988 238,98682
4 12.00 8.9456 ‘41.2488 238.98662
5 20.00 9.0346 41.2988 236.98687
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M( IGHY(KM ) C O L A T IT U D E  LO NGIT UDE
4 ,9 00 0  ~ 1,2Q88 236 ,98 64

NU M BER OF (VENTS A F FE C T IN G POINT I 2 INDEXES A R E  2 3
POSITIO NS OF POINT AT EVENT T IhES

EVENT T IM E NE1GNT (NM) COL~~T!TUDE LO NGITUDE

* 0 ,00 10.0422 4 1.2988 238,~~85932 0,00 10,0952 uI ,2988 2S8. 4* 8~ 92
3 .20 10,013) ‘41.2988 238,98637
4 12.00 10,0539 oI,2988 238.98801
S 20,00 10.0126 41 ,2968 238,98916

MEIGHT~~ M) COLAT ITUDE LONGITUDE
10.8000 41,2988 238,9864

POINT A PPEA RS INSIDE BURST NUMBER 2

POINT APPEA R S INSIDE BURST N UMBER 3

MEIGM TC KM) CU LAT ITUD E LONGITUDE
21.2000 ~ *,2~ 88 238 ,9860

POINT APPEA RS INSIDE BIJRST NUMBER 3
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CO OR U I NATE S OF S E V E N T S  AT C A L C U L A T I O N  T IMt . 1 40,000
EVENT NO. TIME. IGkT (~ M) CCLAT ITUO E LU’~~ITUUI RAU IIJ S(Nh) VL LDC1TYC w.$/3) TYPE

1 40.00 6,6980 441 ,2988 239,0093 .78772 .0U29~ 86 AC TUAL
2 40,00 10 .936* 4I.29R8 218 ,9804 .75159 .0 9448 572 A C T U A L
3 ‘40 ,00 11,3972 441 , 2968 238 .980 2 .76687 .0476176 ACT U A L
‘4 00. 00 *3 ,8 771 44 1, 29B8 23~~,0o93 .83183 .087 0375 M ERG ED
S 40 ,00 13 ,1745 41,2988 ~39.OO93 1,38873 ,0837271 MERGED
6 40 .00 12,744 7 441~~2988 239 ,0093 .10076 o , o O o O o O O  MERGED

POSIT ION OF POINT AT C A L C U L A T I O N  T IME a 40.OO SE C
PIEXGP 4 T (KM) COLA TITUOE LONGITUDE

9 .0000 ‘4 1,2988 230 .9864

NU MBER OF EVENTS AFF ECTING POINT • 1 INDEX ES A R E 2
POSITIO NS OF POINT AT EVEN T TIM ES

EVEN? TIME ~lE IGM T ( KM)  C O LA T IT U D E LONGITUDE
* 0.00 8, 92 * 7  4 1.2988 238 ,9862 *
2 0.00 8 ,9255 41 .2988 238 ,98618
3 .20 8,9269 41.2988 238,98652
‘4 ‘40.00 8.9083 81 ,2988 238 ,98654
5 ‘40,00 8,9446 41 ,2988 238 ,90681

PIE IGHT (KM) CU LATITUDE L (ThGITUDE
q.1~ 00 ‘41,2988 238,9864

NU MBER OF EVE NT S AF FE C TIN G POIN T 1 2 INDEXES ARE 2 3
POSITIO NS OF POINT a T EV ENT T IMES

EVE NT TIM E ,IEIGHT(I(M) CO LA T ITU PE LONG ITUDE

* 0.00 9.0877 411.2988 238 .986*7
2 0.00 9.01)44 oI .2988 238,98615
3 .20 8,9734 41,2988 238,96684
O 40.00 8,9634 41.2988 238 ,98663
S 40.00 6,9999 ‘41 .2988 238 ,96688

NEIGHT (NM) CO LAT ITUD E LONGITUDE
9.9000 41.24~~ 236 . 988 4

NUM BE R OF EVE NT S AFFE CTI N G PO INT I 2 INDEXES ARE ~ 3
POSIT IONS OF POINT AT EV E N T TINE S

EVENT TIME P4EIGH T(XM ) CO LATIT UD E LONGITUDE

* 0 .00 9 ,8363 4 1 ,2988 238 ,98655
2 0,00 9,8394 aj,2°88 238 ,98654
3 .20 4,8084 41,2988 238 ,98696
‘4 ‘ 4 0 . 0 0  ~ ,7927 441 ,2988 236,98927
5 ‘40.00 9,7619 a1 ,2~ 88 238.98~ 03

70



- 7  —~~~- - ~r~~~~~~-” ~t : ~~~r ..r~~n

r 
-

BIBLIOGRAPHY

Darwin, C., Note on Hydrodynamics, Proc . Comb . Phil. Soc., 49 (1953).

Gea r, C.W., Algorithm 407, DIFSUB for Solution of Ordinary Differential
Equations, Comunicatjons of the ACM , March , 1971 .

Lamb, H., Hydrodynamics, Cambridge Un i versity Press (1932).

71

iL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ - - ~~~~~~~~~~~~~~~~~-~~~~~~~- 
_



DISTRIBUTION LIST

DEPARTMENT OF DEFENSE DEPARTMENT OF THE ARMY (Continued)

Director Director
Defense Advanced Research Proj. Agency US Army Ballistic Research Labs.

ATTN : STO ATTN: Lawrence J. Puckett
ATTN : Mark  D. Kregel

Defense Communication Engineer Center
ATTN : Code R41O, James W. McLean Commander

US Army Foreign Science & Tech. Center
Director ATTN : P. A. Crowley
Defense Communications Agency

ATTN: Code 480 Commander
US Army Missile Intelligence Agency

Defense Documentation Center ATTN : Jim Cambel
Cameron Station
12 cy ATTN: TC Commander

US Army Missile Command
Director ATTN : DRSMI—XS , Chief Scientist
Defense Nuclear Agency

ATTN: DDST Commander
ATTN : TISI , Archives CS Army Nuclear Agency

3 cy ATTN: TITL, Tech. Library ATTN: MON~—WE , J. Berberet
ATTN: RAAE

DEPARTMENT OF THE NAVY
Dir, of Defense Research & Engineering
Department of Defense Chief of Naval Operations

ATTN : S&SS (OS) Navy Departmer .t
ATTN: Alexander Brandt

Commander
Field Command Commander
Defense Nuclear Agency Naval Ocean Systems Center

ATTN: FCPR 3 cy ATTN r Code 2200, Verne E. Hildebrand

Director Director
Interservice Nuclear Weapons School Naval Research Laboratory

ATTN : Document Control 3 cy ATTN~ Code 7701. Jack D. Brown
ATTN : Code 7750, S. Ossakow

Director
Joint Strat, Target Planning Staff , JCS Commander

ATTN : JPST , Captain C. 13. Goetz Naval Surface Weapons Center
ATTN : Code WA5OI , N a vy  Nuc. Prgms. Off.

Chief ATTN : Code WX21 , Tech. Lib.
Livermore Division , Field Command , DNA
Lawrence Livermore Laboratory Director

ATTN: FCPRL Strateg ic Systems Project Office
Navy Department

DEPARTMENT OF THE ARN’~ A T T N :  NSP—2?22 , Marcus Meserole
ATTN : NSP—2722 , Fred Wimberly

Commander/Director
Atmospheric Scicuces Laboratcry DEPARTMENT OF THE AIR FORCE
US Army Electronics Comman~’

ATTN : DRSEL—BL—SY—S , F. E. Niles AF Geophysics Laboratory, AFSC
ATTN: OPR , James C. L iwick

Director ATTN: OPR , Alva T. Stair
BMD Advanced Tech. Center ATTN OPR, Harold Gardner
Huntsville Office
2 cy ATTN: ATC—T , Melvin T. Capps AF Weapons Laboratory, AFSC

ATTN: N S S , John ‘1. Kamm
Commander ATTN: St’L
Harry Diamond Laboratories ATTN : DYT, Captain Mark A. Fry

ATTN : DRXDO—NP , Francis N. Wimenitz ATTN: DYT . Captain L. Wittwer
ATTN: DRXDO—Tl , Tech. Lib. A TTN : DYT , Peter W . Lunn

Director Hq. USAF/RD
TRASANA ATTN: RDQSM

ATTN: R. E. DeKinder , Jr.

73 _ _ _ _ _ _  _ _ _ _  

~~~~~~~~~~~~~~~ ~~-T - - _ _ _ _ _ _ _



DEPARTMENT OF THE AIR FORCE (Continued) DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

Commander Johns Hopkins University
Rome Air Development Center , AFSC Applied Physics Laboratory

ATTN : EMTLD , Doc. Library ATTN: Document Librarian

SP.I1SO/SZ Lockheed Missiles & Space Company, Inc.
ATTN: SZJ , Major Lawrence Doan ATTN : D. R. Churchill

Commander in Chief M.I.T. Lincoln Laboratory
Strategic Air Command ATTN: Lib. A—O82 for David N. Towle

ATTN: ADWATE , Captain Bruce Bauer
ATTN : XPFS, Major Brian C. Stephan Martin Marietta Aerospace

Orlando Division
Hqs. USAF/SA ATTN : Roy W. Heffner

ATTN : AFSA , Captain Henkle
Mission Research Corporation

ENERGY RESEARCH & DEVELOPMENT ADMINISTRATION ATTN: D. Sappenfield
ATTN: R. Bogusch

University of California ATTN: R. Hendrick
Lawrence Livermore Laboratory ATTN: Russell Christian

ATTN : Ralph S. Hager , L—31 5 cy ATTN: Tech. Lib.
ATTN: Donald R. Dunn , L—l56 ATTN : T. E. Old

Los Alamos Scientific Laboratory Physical Dynamics , Inc .
ATTN: Doc. Con, for John Zinn ArTN : Joseph B. Workman
ATTN: Doc. Con, for Eric Jones

R & D Associates
OTHER GOVERNMENT AGENCIES ATTN : Bryan Gabbard

ATTN~ Robert E. LeLevier
Department of Commerce
Office of Telecommunications Science Applications , Inc.
Institute for Telecom Science ATTN: D. Sachs

ATTN: William F. Utlaut ATTN: Curtis A. Smith
ATTN: Daniel A. Hamlin

DEPARTMENT OF DEFENSE CONTRACTORS
Science Applications , Inc.

Aerospace Corporation Huntsville Division
ATTN: Norman 13. Stockwell ATTN: Dale H. Divis
ATTN: Doug Rawcliffe ATTN: Noel R. Byrn

Brown Engineering Company. Inc . Space Data Corporation
ATTN: James E. Cato ATTN: Edward F. Allen
ATTN: Romeo DeLiberis
ATTN: Joel 13. Bigley Stanford Research Institute

ATTN: Walter C. Chestnut
ESL , Inc.

ATTN: James Marshall VisiDyne , Inc.
ATTN: C. Prettie ATTN: J. W. Carpenter

- ATTN: Charles Humphrey
General Electric Company
TEMPO—Center for Advanced Studies

ATTN: Warren S. Knapp
ATTN: Tim Stephens
ATTN: DASIAC

General Research Carporation
ATTN: John Ise , Jr.
ATTN: Joel Carbarino

Jaycor
ATTN : S. R. Goldman

74

IL _~~~~~~~~ --


